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Introduction

This is one of severalfcourses offered by the National Training and Operational
Technology Center .(NTOTC which have been prepared i packaged form for use by
the States innheir t ing programs, and by of organizations having a
need to present this type of training. Each course ckage consists of:

Preface

1. An instructor's guide containing material related to course planning and
conduct.

J

2. ,a training manual for use by the participants,'containing the course
subject matter, and

3. supportive visual and audiovisual.training aids used by NTOTC in presenting-
the course. These are available on loan to those offering the course. The
content of each slide is reprodudbd in this manual.

This guide reflects the-manner in which the course has been offered by NTOTC.
It is intended, to assist the organization offering the training, and should
not be considered as an inflexible method of presenting the course, , Some

exactl ad 'resented - -others may not. In either

case, this guide should prove helpful in reducing the amount of ort4Thial
developmental work required, ancin suggesting, methods and approaches when
piodifications of the course plan presented herein are being considered.
/

Organization of the Guide
\_.

This instructor's guide consists of two major parts. Part I contains informa-

tion required for course planning and management. Part II consists of a series
of Instructional Package Worksheets ('IPW's) which set forth learning objectives
and the instructional approach used by NTOTC for each topic include] in the
training manual.

Analytical MethodolOgy fo gulatori Programs

'It essential that analytical procedures taught in the course conform to those
prescribed for use-in-USEPA regulatory programs. These procedures are'idp tified
in regulations which, appear first in the Federal Register,.and which arelater
codified in Title 40 of the annual edition of the Code ,of Federal Regulations.

For the National Pollutant Discharge Elimination System (NPDES), Part'136 of
Title 40; "Guidelines Establishing Test Procedures for the Analysis of Pollutants",
specifies methods to be used for the measurement of contaminants,in. wastewater.

for drinking water, Part 341 of Title 40, "National Interim Primary Or'ihking Water
Regulations" (NIPDWR), specifies methods to be used in determining the level

of contaminants in finished water. 74

4
(
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The Instructional Package Worksheet on Compliance Monitoring in Pa
guide provides details concerning'EPA,regulations for these progra

ForAadditional informat n concerning this 'course,lor o packag
contact:-

A

Director, NTOTC
U. S. Environmental Protection Agency
Cincinnati, Ohio 45268

.1



PART I COURSE PLANN Ng AND MANAGEMENT

This section of the manual is concerned with the administrative aspects of
planning, 'preparing, and conduting the course.

A. COURSE DESCRIPTION .

This description was prepared for course presentation at the NTOTC and
may be useful to others in course-related publicity.

BACTERIOLOGICAL METHODS IN WATER QUALITY CONTROL PROGRAMS

5 days

I

This course is for laboratory personnel who can perform basic bacteriological
laboratory procedures such as sample inoculations, transfers, weighings and
-related skills..

*After successfOly completing the course, the student will have increased
knowledge of all aspects of sampling, analysis and, data handling for bacterio-
logica14samples as required,by Federal Register Guidelines for effluent
monitoring and other water quality programs.

The training incorporates classroom instruction and activity sessions, student
performance of laboratory assignments, and follow-up discussions.

/ Course topics include characteristics, occurrence, and significance of bacterial
indicators off pollution; criteria'and standards of bacteriolbgical water quality;
sampling programs; collection and handling of samples; standard laboratory test
procedures for total and fecal 6oliforms and fegal streptococci, by membrane
filter methods and by multiple dilution tube methods; calculating; summarizing
and reporting laboratory data; and'analytical quality control procedures.

,)
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B. PERSONNEL

The remaining sections in Part I of this manual indicate the personnel

associated with this training course when it is presentecrat the National

Training and Operational Techndlogy Center (NTOTC). Their course-related

activities are listed below.
1

1. Training Supervisor - 1,

Has overall responsibility for the NTOTC training program. I
Training Coordinator -
Is responsible for all elements involved in planning and conducting a

4 -:- Ispecific course. , x :

3. Course Secretary -
Performs all course-related clerical duties.

- 11

4. -- -Instructor -

For assigned topics, is responsible for planning instructional approach,

developing instructional maIgrials, and delivering the instruction.,

During laboratory sessions nother instructor may be designated to

assist the-(primary) instructor so that participants can be provided

as much individualized attention as possible.

5. Laboratory Assistant =, r.

Assists in the prepartion of laboratory reagents; assembles equipment;

is available as required during laboratory exercises.
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C. SUMMARY PLAN FQR THE COURSE AND COU E SCH DULE
0

A convenient format to use in the early st ges of devising-a course plan
is a' day -to -day assignment of ti brocks'b sed on estimates by instructors

of the training time required fo each parameter. (An example is on the

next page.) Using.available time asa first criterion will.allow:a
variety of possible sequences.' On: such sequence, which has been success-
fullY used by NTOTC to conduct thi course in the pest, begins 6 page'2 -3.

Examples of other considerations are:

1. If some equipment must be 'Used. in'more than one test, schedule another
topic between the 'two tests to all.w time for the required clean-Op.

2. Schedule the topics so each ins uctor alternates between prime and

assistant responsibilities to ow time for preparations_which must

be done right before training esions.
-

3. If one procedure requires skills taught in anotheeprocedure, order

the presentations accordingly.

4
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SUMMARY PLAN FOR THE COURSE

MONDAY TUESDAY.
.

t .....

.e. WEDNESDAY, THURSDAY FIIDAY

,
Activity

Time
Hours Activity

Time.
Hours

.
Activity

Time
Hours Activity

Time
Hours Activity'

, Time
Hours

4:)
Registration

Welton* & Course
Objectives

Compliance Meth.

Chlorine Deter.
and Turbidity

Bactgriological
Indicat ors of

1/4

1/4

1

1 1/4

. 1

.

Membrane Filter .

MF Equip. & Its
Prep. for Lab Use

Exam. of Water
for

.

Colifrom &
Fecal Streptococ-
calcal Groups (MPN)

1
.

3/4

3/4

f 1/4

Use of Tables of

MPN
Verified MF Tests

Bact. Lab: (quip-

ment, Mtterial,
& Supplies s

,

.

3/4

1/2

1

.

. .
Collection &
Handling of Bact.
Samples '

Intro.to Statis-
tics & Geometric

,

,

.

3/4

,

2

Discussion &
Review

Quiz

Lob Completion

Course Closing

.

'1/2

1 1/4

1/2

1/2

Lunch
.

1

..

Lunch ,, 1. Lunch , 1 L.11 1,

.

Lab Briefing
,

MPN Procedures
(laboratory)

MF Media Prep. ,

(laboratory).

11F Verification
(laboratory) .

3/4

1 1/4

1

1/2

Media & Solutions
for -MPN Methods_

Principles of
Cultural Media'
for use with MF.

Lab Briefing

MPN Proc.-(lab).

MF Proc. (lab)
MF Ver. 00)- .,,1/4

1

3/4

3/4

1/2.,

1/21

Colony Counting
on MF Filters

Select. of MF
Sample Filt. Vol.

Lab Briefing

MPN Prbc. (lab)
M. Proc. (lab)-
MF Vertikeation
(lab) "

1/2

,1/2

1/2

1/4

.

Lab Briefing

MPN Proc. (lab)

Verfication-(lab)

MF Proc. (lab)

.

/4

1/4

1/4

2 3/4

,.

.

(---,

.

,

1-3/4
1/4 ,

-

.

TOTAL 8 1/4 TOTAL' 7 1 2 TOTAL :. , .7
,

. ,

TOTAL' 7 3/4 TOTAL 2 3/4

A 12
13



4. °Sample Course Schedule

BACTERIOLOGICAL METHODS IN. ATER QUALITY-CONTROL PROGRAMS (120.4)

(Location)
(Date)

'AGENDA

Course Coordinator:

DAY & TIME SUBJ'EGT

Laboratory Assistant:

OUTLINE INSTRUCTOR*

Monday
.

8:30 - 9:00

9:00 -410:00

10:00 - 11:15

11:15 - 12:15

12:15 - 1:15

1:151- 4:45

. Tuesday

8:30 - Q:15

9:15 - 10:00

10:15 - 10:15

10:15 - 11:30

11:30 - 12:30

12:30 - 1:20

1:30 - 2:15

2:30 - 4:30
.,

. .

*For the actual course presentation,,insert the name Of the primary instructor
opposite the title-of his/her assignment. Assistant instructors are designated ( 1.

40.

Welcome, Course Registration
and Objectives-

.

Course Coordinator`"
Course, Secretary

Compliance Methodology 1 Bacteriologist #1

Chlorine Determinations Bacteriologiist #2
. and Turbidity 16

Bacteriological Indicators
of Water Quality

2 Bacteriologist #1

Lunch

Laboratory Briefing and, ,

Laboratory ,

The Membrane Filter 6

Staff .

Bacteriologist #1

MF Equip and its Prepara-
tion for La oratory Use

7 Bacteri ol st. #2

Break

Examination. of Water for 3 Bacteriologist #1
Coliform & FecaiStreptococcal
Groups (MPN)

Lunch

Media &.Solutions fOr 4 ,Bacteriologist #2
MPN Methods

MF - Principles of 4 9 Bacteriologist #1

.

a.

Culture Media ,

Laboratory Briefing and
Laboratory

Staff ,

1,1

0

2-3 .



DA' & TIME SUBJECT , OUTLINE INSTRUCTOR*

Wgdnesday

8:30 - 9:15 Use of Tables of MON 5

9:25 - 10:05 -Verified MF Tests 13

10:05 - 10:20 Break

10120L- 11:30

11:30 - 12:30

12:30 - 1:10

1:20 - 1:50

2:00 - 4:45

Thursday-

8:30,- 9:15

9.:25

14:30 - 12:30

12:30 - 4:36

Frida

'8:30 - 9:00
9

9:25'- 11:20

' 10:15.- 10:50-

11:00 - 11:30

2-4

-Bacteriological Laboratory:

'EqutPment, Materials &-
Supplies ?

Lunch

Colony Countingon Membrane
Filters

'Selection of Mr"Sample
-Filtration Volumes

-Laboratory Briefing &
Laboratory

'Collecting and Handling of
_Bacteriologics4 Samples

-Introduction to Statistics
\ & Geometrical Means

Lunch -

Laboratory Briefing &
Laboratory Studiks

Discussion & Review

\ Quiz & Review -'

-Laboratory Exercise Completion

Course Closing

Bacteriologist #1

Bacteriologist #2

Bacteriologist #1

-12 Bacteriologist #2

10

14

Bacteriologist #1

Staff

Bacteriologist #2

Bacteriologist #1

Staff

Staff

Staff

Staff

Staff

Oft

1
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D. MILESTONES IN COURSE PLANNING AND PREPARATION

The following Rages list major areas of course responsibilities in a
chronological order to facilitate orderly and timely accomplishment.
The table also serves as an example for assignment of these responti-
bilities to various staff members. It has been successfully used

by NTOTC to conduct' this co*se in the past.

The table headings are job titles associated with the listed tasks.
A suggested staff is cited, including a laboratory assistant. It is

recognized, however, that staff is often limitedand on individual

may serve in several of the defined roles. Having this summary accord-

ing to an ideal situation should *facilitate ari equitable division of

the-required tasks, among fewer persons. -

Beforexting the milestones table, decisions must be made about the

course content. Imay be desirable to teach the approved test pro-
for parameters that are not included in this package, but that are
required locally to meet regulatory. requirements. In that case, the

table must be changed. Delete items identified.for topics you omit

and the items needed for the topics you want to ad .

Z7 4s .-
1

AT.b2bAir3i.11.00
7 ^

13

,

O

4/14. SI t to 14.

3-1
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5 TD 6 MONTHS BEFORE COURSE

Deterimihationof-the need and
decision to have course. x

.
.

.
.

Designation of Course Director
and Course Secretary.

. .

Review responsibilities.

Review responsibilities. x
\\

.
,

, .

Commit classroom and
,

. .

laboratory facilities. x

Develop and release Course
. .

Announcement including loca-
tion, date, general statement
of-course content and training .

objectives. x x ,

Prepare all forms and infor-
mation sheets related to-
student registration proce-
dures.

.
x x

.

.

. , .

Decide on staff members, it - x
. .

.,,
.

4 TO 5 MONTHS BEFORE COURSE
. . .

Receive, review, act upon ,..

Course Aliplic#tiont, c6ntinu-'
ing until coui-se begins. x x .

.

Maintain records on deposition -
,

of each application,'continu-
ing through course. x

Inventory Staff Guides, Order

needs. -' x x--
,

.
, .

. - . .

. . .
.

.
.

.

.

. .
, . .

.

3-2 t.
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3 MONTHS BEFORE COURSE--

Commit,all s aff members who
will partic 'ate in Course.

Develop Mile tone Checklist
for Course.

Distributelco ies to staff Of
.Milestones, taff Guide,
Student Text and any other
pertinent tra ning resources.

ReView respons 'ilit' s.

Assign ,topics to Primary (P)

and Assistant (A) Instructors:
Compliance Methodology
Chlorine & Turbidity
Indicators of Water Quality
Day Oue Laboratory
Membrane'Filter
MF Equipment
MPN Examinatiofis
MPN Media
MF Media
Day Two Laboratory
MPN Tables

, Verified Tests
Labbratory Equipment

JO' Colony Counting
MF Sample Volumes
Day Three Laboratory
,BacterioTojit'al Samples

. _Statistics
Pay Four Laboratory
PoSt Course Quiz

1 NY Five Laboratory
Develop smeary plan for. course

IfiVentory laboratory equipment/

supplies. List and commit
lending sources.' Order rest..

inventroy classroom quipment/
supplies. List and it

lending source%. Order test.
(Continued)

x

X

.4

-20
1
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-

-

1.4

-

.

t

x

x .

.

.

.

.

.

.

.

.

Oa

.

.

.

.

.

.

.

- ,

.

.

.

.

'A

.

,

.-

. .

.

_7.

,

.

.

.

1

I

,

.

.

.

:

-

.

.

.

,

.

_
..'

.

_

,

..

r

.

.

_

. .

.
.

Inventory student reference

texts. Order needt. .

2 MONTHS BEFORE COURSE

.

. .

"

', ---

'

.., -
. .

.

."

,

,

.

x

.

,

x

x

.

x

n

,

.

\.

;

.

.
.

.

x
.

.

x

.

x

I, °

x

0.

x

x

x

.

.

.

,

x

x

.,

.

s

.

.

.

.
X

.

,f

.

x

x

x-

x

.

x

x

.

.

,
,

'x

x

.

.

,

4.

, x

,

.

x

.

",

,

1

,,,

0"

,

.

.

.

.

.

.

.

.

.

Finalize Course Schedule
(Agdnda).- ,

.

Request Taboratory/classrbom
needs from lending sources.

Request training aids from
lending sources.

.,

6 WEEKS BEFORE COURSE , ''' '7

Check out operation of all
major pieces of equipment.

.
,

i,

1

Primaryand\Assista4.Instruc-
tors go through laboratory
procedures in student refer-
ence texts, using IPWs to
standardize,instructions for

students.
.

1 MONTH BEFORE COURSE .

.

Summary (to date) to staff of.
registered students; continu-
in0 to course beginning. c

Check on progress of-.`staff
preparations for instruction;
continuing through,course.

_

Prepare all administrative
forms and materials needed
for course presentation.,.

.

Plan and rehearse classroom
pretentations using all re-
quired training aids.
Finalize. ... ,

(Continued) .

'
3-4 ,
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0 0
.

.

.

Obtain any duplicated thstruc- . .
.

tional materials (data sheets,

etc.). . x x , x ' x

Review summary of laboratory .

equipment and supply needs ,

for expected .number of,stu- .

dents doing the selected , ., - .

(

procedures: XX .

. .

.
.

Clean all .glassware and

equipment required by .
.

students. , L 4( . .
. .

.

,

.,*
.

,.... - /
- .

.
-- -

'. ' t
. ' . .

Lssemble other student equip- .

.

. .

.

Wient and.supplies. .

-x.
.

_ .

2 WEEKS BEFORE COURSE
.

.

0 .

Arrange for security of class-
room and laboratory. x x -

:e reagents,, media. solutions, . . .

: required by students. , ,
, x-, x x .

.
. .

/ ,
.. I

Detetmine approximate range .
.

.
. .

% . -
of parameters in samples for .

.

course.
.

. . 'x
,

..
,

. .

Arrange for disposal of - 1 0
contaminated wastes. .ix x

,

.

. .
.

.

. .

. ,,.. - . ...,

-.
.

. .

. . .

,
.

, . .

.
.

.-*
. .

.

4 i ,
- I

, .

(Continued) , . .. .
.

. .

, .
,

.

,

.
. .

s.
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...--
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Givell. oratory_ Assistant
fins) ist of equipment and
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x

.

x

Inform building food service
of number of expected students
and course lunch times'(as
appropriate).

3 DAYS BEFORE COURSE-
I

,
p.

Finalize seating arrang en
for classroom.

Assemble course materials
in classroom (student texts,
administrative materiaTh.
etc.). Distribute as
appropriate.

Ready classroom instructional
aids (boards,'erasersi etc.)

. .

Check out all classroom equip-
meet (electrical systems, PA;
projection equipment) and
obtain back-up accessories'
(bulbs, etc.).

COURSE OPENING

COnduct opening exercises.
Participate in course opening.

/ -..

Completeany required student
records, including roster.

(Continued)

......
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Prepare course certificates if
needed at end of week.

( EVERY DAY OF COURSE

Maintain general supervision
of course.

,

Prepare materials and/or
''samples on day of test. '

Obtain samples for each test
on day of test.

When assistant instructor,.
make ary student evaluation
records requestedby the lead*
instructor.

When primary instructor, com-
pile evaluation record for
each student, if required.

Keep any general records

,(e.g. attendance) as required
-to document successful course
completion.

.

4
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Distribute course critique-
sheetto stmdents. .

s. ..

LAST DAY OF COURSE .

Cheek and sign course certifi-
cates if applicable .

'Collect students' critique
sheets. '-

Conduct closiWg exercises.

Participate 4n course closing.
, .

Clean up classroom and
laboratory.

r, ,-

WITHIN TWO WEEKS OF COUNSL
PRESENTATION

:

Return or replace any borrow-
ed classroom equipment/.
supplies. r

Return or replace borrow-

edlaboratory equi nt/

supplies.

Returnwor replace any borrow-
ed training aids. .

.

.

Order repairs or-replacements
of own equipment used in
course. #

Ai?

Coniplete andfile evalua-
tion records on all students
in predetermined area.-,,

4- . .

See that,all,studentsilave

..

been appropriatelY notified
of their degree of success
in completing the course.
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E. -INSTRUCTIONAL: RESOURCES

Most training institutions will make the fullest possible use of available
instructional resources. The purpose of this section is to describe the
nature, sources and availability of instructional resources suggested for
use With'this course.

,

1. Student reference text and-Instructor's Gdide for the course,
"Bacteriological Methods in Water Quality Control Programs." Ordering
information may be obtained from:

.

U. S. Environmental Protection Agency
National Training and Operational-technology Center
Cincinnati, Ohio 45268
(513) 684-7501

2. Slides and Slide/Tape Units (See IPW Sections VIII B and XI for a
description).

a) What is amajlable, according to t lc:

(1), Chlorine Determinations an Turbidity

(a) X-21, chlorine, 36 sl des

(b) X-30, Turbidity, 10 sl des

(2) Bacteriological Indicators

(a) Bacteriological Indicators, 53 slides.

(3) Membrane Filter/Equipment/procegres,

(a) X-41 Membrane Filter, 12 slideg

(b) X-33 MF Colony Counting, 17 slides

(4) MPN

(a) Examination of water for Coliform and Fecal Streptococcal
Groups (MPN), 40 slides

(5) Collection 6d Handling and Samples

(a) Collection and Handling of Bacteriological Samples,
14 slides

(6) Statistics

(a) XT-86 Geometric Means (Parts I, II, III) time of
three tpaes is 35 minutes, with 78 slides, .3 scripts,

. and a handout.

ro

AT(120.4).6a.11.80 4-1
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All units described in 2. above are availableon scheduled loan
from NTOTC to institutions conducting this course. Requests'
should contain the information items on the,"Request for Loan"
form at the end of this section. Send requests to the National
Training and Operational Technology Center at.the- address on
page 4-1.

It is urged that materials desired from NTOTC for a specific_
course offering be requested in a single, consolidated
communication. This will give greatest assurance of a well-
coordinated response. Because these requests ordinarily .will
cover a number of different,items, telephonic requests should
not be made.

Requests should be timely To assure effective delivery in
time for use in the course, requests, should be recelyed'at'
NTOTC at least 45 days prior to the course date. NTOTC will,
in turn,, make every effort to -assure 'that the requested materials
are delivered to the Tequesting institution several days prior
to the start of the course in 'which they are to be used. This
will permit review and practice by the inst uctional staff for
the most effective use of such resources.

It is expected that-all borrowed resources be returned to NTOTC'
within two weeks after completion of the c urse in Mlich they
are used. _

With returned borrowed training resources
the user provide NTOTC with an evalUatio
used. In this manner, the experience of
continuous improvements and responses t
resources. All reports on the use of s
the number of students with whom the ma

3. Supportive References:

it is requested that
of the trainthg resourse(s)
users can be a factor in
problems in using, the

ch resources should include .

erila was psed.

a) "Standard Methods for e Examin ion of Water and Waitewater"
(14th edition),-APHA, A A, WPCF Available from Publication
Office, American Public lth A sociatioh, Inc., 1015 18th
Street, N.W.; Washington, DC 20'36.-

= 4. Instructional Resources Already in ossession of the Training Institution

a) Many training-organizations pr fer.to develop, or have developed,
their own texts and audiovisua training resources.

#.



REQUEST ,;FOR LOAN
AUDIOVISUAL INSTRUCTIONAL UNIT

Title and CaWoa Noe':

Intended Use:

Preferred Dite of Use:

Alternate Date:

BORROWER'S NAME

Tide,

Organization

Address

9

(Zip)
phobe Number (indude
Arne Code).

To prevent duplication when choosing Audiovisual Materials; please note in dr Topical Index
that some units are carriid in more than one mode.

There is no charge for use of the Audiovisual InstruCtional Units. However, the BORROWER -

assumes financial responsibility for the value of IN loaned instructional materials.
o

-
Unless special arrangements are made with the loaning office, units should be returned within
two weeks. Return the unit by REGISTEREa C4RTIRED or INSURED MAIL IMMEDIATELY after,

FILMS M0ST BE RETURNED IN 3 DAY&

1

EPA-171 (Cin) (Rsv. 7-78) ' 4,3

9

"

46, ;

Is



F. LABORATORY!EQUIPMENT AND SUPPLY REQUIREMENTS

The consolidated list in this section is for overall planning purposes.
t was compiled from the Instructional Package Worksheet (IPW) sections
(part II of this manual), and. IX, "IPW Equipment an Supply Requirements"
"Section'IX can also be used on a day-to-day basis during the course to
prepare for the laboratory exercises.

If an Instructor,choftes a different assignment for a topic, some quantities
must be changed accordingly. As noted, numbers represent minimum quantities.
It is strongly recommended that Instructors provide surplui-Ilid5Ment and
additional supplies ready for use in case of need. Many InstructQrs plan
for a margin of at least 10% of extra supplies to provide for student errors,
planning miscalculations, or other unforeseen events.

Before using the list, decisions mutt be made about the course content. It

may be desirable to teach the approved test procedures \jor parameters that
are not included in this package, but that are required locally to meet
regulatory requirements. In that case,he list must be changed. Delete
items identified for topics you omit and add the items needed for the topics
you omit and add,,the items needed`for the, topics you want to add..

This list can be of great value in pre-course planning, to determine the
avai ability of needed equipment and supplies, and to take action to
prov de needed resources. Further, this list can be of vital importance

planning for courses to be conducted in field locations. Copies of
e list in the hands of the Course CoordinatO and a-representative ofIthe
t organization can be used to determine which will provide needed re-

urces on an item-by-item batis. When the responsibility is assigned/
accepted, this can be annotated in the "remarks" column onthe copy in
the hands of the Course Coordinator and the copy of the representative of
the host organization. Each can then use the annotated equipment and
supply list as a checklist for carrying out his own agreed - upon respon-
sibiljties in preparing for the course.

1k
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BACTERIOLOGICAL METHODS IN WATER QUALITY CONTROL PROG

MATERIAL & EQUIPMENT REQUIREMENTS

I

lb

1

Note; Below are shoWn the materials -and equipment
rpquired PER STUDENT or laboratory position.
Multiply the number by, --the number of s4idents

to obtain required supp)y.

Note: The symbol "x" means that supply/elpipment
is available - such as "matches"47"incubator"

NOMENCLATURE . SUNDAY MON AY TUESDAY WEDNESDAY THURSDAY FRIDAY

(*AD Broth 2X Strength

*AD Broth 1X Strength

*LTS 2X Strength

*LTS 1X Strength

BGLB Broth '

EVA Broth 1"-

m -ENDO Broth bottle 100m1
dehydrated medium

-LES ENDO. Agar Vial 30m1
dehydrated medium.

EC Broth

Blank dilution 99m1 Sterile

Rinse Water Sterile'(sufficient
amount if in flasks - or, the
following amounts when 99m1
blanks are used)

,Sticks, Inoculation Sterile ...

Loop, Inoculation

Dishes, Petri NF Sterile

urner gas

Ole bacteriological

I

,5

20

5

20 27

15 7
YID

12

1

1.

15 9

2 2 1 1 1

6 4 18

'12 3

1 1. 1 1

15, 5 12

x 1 1 1 1

1

32



EACTERIOLOGICALIM'ETHODS IN WATER QUALITY..CONTROL PROGRAMS

MATERIAL & EQUIPMENT REQUIREMENTS -;

NOMENCLATURE SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY
-

MFC medium prepared plates 1

MFC medium dehydrated 30m1 vial_

Rosoltc acid prepared in
0.2N NaOH

Incubator, 35 C
;

Incubator, 44.5 C

Pipet Sterile 10m1

Pipet (Sterile lml

Forceps MF 11/methanol vial

Marker Wax

KF Agar plates prepared

Filter Apparatus MF

atches

MeMbrane Filters

Discard trays and racks

Aprons protective

Sterebscope 10-15X fluorescent
lighting

X
x x x 1' x

-
x x x x x

1
3

3 7 5

3. 4 3 '7 3

,1 1 1 1
. f

1. 1 . 1 1 1

.

6

1
.

1 1 1

M x x c", x x
.

. ic.

.

1 7 12 X10

x x 'n x° - x

x (use for week)

x x x

x

1

x

x

O

5

..10`

4.. x
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'BACTERIOLOGIEAL METHODS IN WATER QUALITY CONTROL PROGRAMS

MATERIAL &EQUIPMENT REQUIREMENTS

.5-4
o,

NOMENCLATURE SUNDAY AONDAY TUESDAY. WEDNESDAY THURSDAY FRIDAY,

4%4W

Sample Bottles 250m1 size,
Sterile, Thiosulfate not 1

required
3 3

Bottle Sterile 2-41iters 1
: i

1 1 1'
Cylinder 25m1 sterile,

Cylinder 50m1 sterile
'..

...

CylinderC 100m1 sterile ,

.

.>

o 7

*Note: Inoculate one rack wfth Selected sample
this will be used as instructor test to
demonstrate daily reading, recording and
procedural sequence.

4r.

4

6

1..1 MEM 110.2

3)

1

41,
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PART II - INSTRUCTIONAL. PACKAGE WORKSHEETS

The Worksheets are for guidance to the Instructor who develops the
subject matter covered in the course. \These Worksheets are not .

scripts. The Instructor will need to make extensive and detailed
preparation.in:order to perform the assigned tasks effectively' and
efficiently. .The Instructihnal Packages do provide a perspective
on the background of each analytical procedure, lesson -by- lesson

'learning-achievement levels the students should attain, an indica-
tion of available audiovisual and other instructional resources-,
and an example course of action in pre-course preparation and
class.room/laboratory instruction. The-Instructor is,frpe to
modify the ;Worksheets to meet individual needs. It shdUld-be
noted hOweVer, that associated additions and deletions wilrthen
be required in Sections V through XI of the Worksheet; and in
Sections E and F of Part I.'

Application of these Instructional Packages will help they Instructor
to-reduce the-time required for planning and organizing a--- strategy
of preparatioo_and instruction. However time and effort are re-
quired for. physical preparations for classroom and laboratory
instruction time and effort are requii-ed for rehearsals of
Instructor performance in classroom and, laboratory. These require-
ments never4embe met by an Instructor's Guide as this; ultimately
the Instructor is the key perion in assuring that the student acquires
the needed knowledge and skills.

v. -*

A7(120-4).9a-.11.80
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GUIDELINES FOR
INSTRUCTIONAL PACKAGE. WORKSHEET

I. SUBJECT MATTER: Compliance Methodology

II. UlIT OF INSTRUCTION: Summary of Topic Presentatioh

'III. ESTIMATED TIME: 60 minutes

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: Knowledge of this material
allows the participant to be aware of regulatory requirements pertaining to
the National Pollutant Discharge Elimination System ( NPDES) and National
Interim Primary Drinking Water. Regulations (NIPDWR).

V. 'ENTRY LEVEL BEHAVIOR:

A. ;None required,

VI. INSTRUCTIONAL-OBJECTIVE:

A.- Terminal Behavior: The participant will be able to use federal registers
and pertinent EPA explanatory memos pertaining to approved analytical
methodology for compliance with the National Pollutant Discharge Elimina-
tion System (NPDES) National' Interim Primary Drinking Water Regulations
(NIPDWR).

B. Conditions: He/she will be,given the training manual, copies of the.
information (see VII. A), and a 60 minute explanation of their applica-
bility and format.

C. Accepted Performance: In attendance to the lecture material covering
subject materiel,

VII. INSTRUCTIONAL RESOURCES:

A., ,Available Media:

1. One outline: in the training manual:

a. Federal Register Guidelines Establishing Test Procedures for,
the Analysis of Pollutants..

2., Han.douts:

a. National Pollutant Discharge Elimination System NPDES:
,

7) Guidelines Estiblishing Test Procedures, 40 CFR 136, .

Federal Register, 12/1/76; pp. 52780'- 52786.
A copy is at the end of this IPW, and also an errata
'sheet. Changes were proposed 12/18/79, pp. 75028-75052
and should be finaltzed. after January, 1981, Check.

with your EPA Regional Quality Assurance Coordinator
to see if the finalized Guidelines have been published.
(Name and number'is avail able from EMSL, - C 513-684-:7301).
The Coordinktoi* can supply...copies to you.

CH.ipw.24.11.80 33 . 7-1
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a.

_4 2) Summary of protocas to apply for approval of an alternative
test procedure for regulatory pdrposes. A copy is at the
'end of this:IPWO.

.-..
--.

3) EPA' -'EMSL memo on "Use of CheNical Test,Kits for Compliance
Mbnitoring". A copy is at the end of this IPW.

4) EPA - EMSL memo on !Ilse- of"Prepared" Reagents in NPDES

Compliance." A copy is at the end of this IPW.

b.' National Interim Primary Drinking Watee-Regulations NIPDWR:

1) NIPDWR, 40 CFR 141, federal Register, 12/24/-75, pp 59566--
59574. A copy is at the end of this IPW. 10

2) Amendments to NIPDWR were proposed 7/19/79, 40 CFR Part 141;
Federal Register,, 8/27/80, pp 57332 - 57346. Cbpies of pp.
57343 - 57346 are at-the end of this IPW. The pages contain
the current (8/80), approved analytical requirements for
drinking water analysis. These include an update of the
approved methods presented in the 12/24/75 NIPDWR'and also
alternate analytical techniques approved by EPA since that
date. Check with your EPA Regional Quality Assurance Coordinate
to get copies of any additional,' pertinent Federal Register
notices published after 8/80.

B. Suggested Media:

OPTIONAL: Copies of the methods manuals cited for NPDES and NIPDWR
cobld be available for display/inspection:

- VIII. INSTRUCTIONAL APPROACH:

. A: Preparation for Instruction:

,

1. Contact your EPA Regional Quality Assurance Coordinator to check if
any federal registers pertaining to NPDES or to NIPDWR have been
issued sineb,the,ones referenced in VII A above (8/80). If so;
obtain copies from the - Coordinator for your class.

2. Thoroughly review all pertinent federal/register information and
handout materials'. .Since the regdlationS are legally binding, it is
imperative to import-correct and_cUrrent information to the participants.

3. 'Prepare the lesson using the sequencing below or your own organization-
of the materials. fi :
,,,.. W.

,

. Duplicate copieS'of all the handout,Materials. MoSt,can be copied
back-to-back, but be,careful td keep each handout as an entity-so'
participants can use' each Independent of tie other. ''''Coliate the
handouts into a packet for each participant 'to minimize distribution
time.

.

B. -Sequencing:,

. 9

(

1.... out the packets of information. °



2. Introduction

a. Choice of methodology affects validity and reliability -of data.

b. Analytical programs affected by federal legislation include
those involving pointsource discharges (NPDES), and
drinking water (NIPDWR).

3. National Pollutant Discharge Eliminatio System (NPDES). CAUTION:
Use the Current federal. register. The NPDES Guidelines are scheduled

1for. update after January, 1981.

a. Applicability of the regulations. Seeh2/1/76, p. 52780, paragraph 2.

b. Overview,of Table 1

1) Column 1: Alphabetical listing of parameters and units. Note
subcategohes.

2) Columd 2: method listings and possibly spetification of a pre-
treatment and/or method choice, e.g. Acidity end point is to
be pH of 8.2.

3) Remaining columns list sources (with page numbers) of approyed
methods. You can display copies o the cited manuals at this-
time and leave them. to be availabl for inspecting by participants.

4) Note the location (by number) of th parameterg to be taught
during- the course. AlSo note the m thod to be used for tourse

. laboratory sessions.

5) Note any errata (handout).

,c, Go over highlights of applying for aphroyal of Alternative Test
Procedures (handout)

0' 1) Limited use

2) WAtionwideuse

d. Go over 1. sights of the memo on "Use of Chemical Test Kits for
Complianc ;Monitoring "(handout).

e. Note highlights of the memo on,"Use of Prepared" Reagents in
NPDES Compliance" (handout).

4. Drinking Water Regulatioip. CAUTION: Use current federal registers.
The 12/24/75 federal rdgIster is the .curreht (8/80)Aational Interim
PriMary Drinking Water Regulation (NIPDWR); along with the Amendments
to NIPDWR which were finalized 8/27/80.

4*°

a..e Applicability of the regulations. See 12/24/75, p. 59566, "Water
Systems Coyered"; and p.59570, "Subpart A - General."

- :
,

b. Mikimum contaminant' levels and the discussion of sampling and ana-
lytical requirments begin on page 59571.

7-3



c. The analytical methodology in the 12/24/75 regulation was updated
and expanded in the 8/27/80 regulation. Therefore, use pp 57343 -
57346 from the 8/27/80 Federal Register k cite the location of
the listing of'the Current approved methods: 141.21 Micro-
biologiCal ... Requirements: (There was no change in the reference
for the source of chlorine methodology to be used when chlorine
risiduatmonitoring is substituted for microbiological testing.
The reference in the 12/24/75 NIPDWR, p. 59572, h), is the current
(8/80) reference). In 8/27/80, also highlight section 141.28,
approved Laboratories and section 141.27, Alternate Analytical
Techniques.'

5. A 10 minute discussion period should be scheduled later to answer
any questions.

IX. IPW EQUIPMENT AND SUPPLY REQUIREMENTS:

A. For each student:

1. Copies of handout materials

X. IPW REAGENT REQUIREMENTS:

A. None

10

7-4'
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Title 40Protection of Environment
CHAPTER IENVIRONMENTAL

PROTECTION AGENCY
SUBCHAPTER DWATER,PROGRAMS

FRL 630-41

FART 136GUIDELINES ESTABLISHING
TEST PROCEDURES FOR THE ANALYSIS
OF POLLUTANTS

Amendment of Regulations
On June 9, 1975, proposed amendments

to the Guidelines Establishing Test Pro-
cedures for the Analysis of Pollutants
(40 CFR-136) were published in the FED-
ERAL REGISTER (40 FR 24535) as required
by section 304(g) of the Federal Water
Pollution Control Act Amendments of
1972 (86 Stat. 816, et seq., Pub. L. 92-500,
1972) hereinafter referred to as the Act.

Section 301(g) of the Act requires that
the, Administrator shall promulgate
guidelines establishing test procedures
for the analysis of pollutants that shall
Include factors which must be provided
in: (1) any certification p nt sec-
tion 401 of the Act, or (2) any p mit ap-
plication pursuant to, section 402 of the
Act. Such test _procedures are to be used
byyermit applicants to demonstrate that
effluent discharges meet applicable pol-
lutant discharge limitations and by the
States and other enforcement activities
ut routine or random monitoring of ef-
fluents tto verify compliance with pollu-
tion control measures.

Interested persons wer4 requested to
submit written comments, suggestions, or
objections to the proposed amendments
by September 7, 1975. One hundred and
thirty-five letters were received from
commenters. The following categories of
orgahiza.tions were represented by the
commenters: Federal agencies accounted
for twenty-four responses; State agen-
cies accounted for twenty-six responses;
local agencies accounted for seventeen
responses; regulated major dischargers
accounted for forty-seven responses;
trade and professional organizations ac-

' counted for eight responses; analytical
Instrument manufacturers and vendors
accounted for seven responses; and an-
alytical service laboratories accounted
for six responses.

All comments were carefully evaluated
by a technical review comm1ttee. Based
uponithe review of comments, the follow-
ing principal changes to the proposed
amendments Were made:.

A t Definitions. Section 136.2 has been
amended to update references: Twenty
,commenters, representing the entire
spectrum of responding groups pointed
out that the references cited in 11 136.2
(f ), 136.2(g), and 136.2(h) were out-of-
date; 11 136.2(3), 136.2(g), and 1362 (h) ,

Pectively, have been amended to show
the following editions of the standard
referen "14th Edition of Standard

r the Examinat10n of Water
and Wastd Water ;" "1974 EPA Manual
of Methods for the Analysis of Water and
Waste;" and "Part 31, 1975 Annual Book
of ASTM Standards."

(B) Identification of Test ocedures..,
Both the content and fonts of 1 1302,
"Table I. Lid of Approved est Proce-

FILIIRAL

RULES AND REGULATIONS
. \

Sures" have been revised in response to
twenty-one comments received from
State and local goVernments, major regq
lated dischargers, professional and trade
associations, and analytical laboratories.

Table I has been revised by:
(1)'The addition of a fourth column

of references which includes procedures
of the United States Geological Survey
which are equivalent to previously ap-
proved methods.

(2) The addition of a fifth column of
miscellaneous references to procedures
which are equivalent to previously ap-
proved methods.

(3) Listing generids,lly related param-
eters alphabetically within four subcate-
gories: bacteria, metals, radiologlcal and
residue, and by listing these subcategory
headings in alphabetic sequence rel-
ative to the remaining parameters.

(4) Deleting the parameter "Algicides"
and by entering the single relevant algi-
cide, "Pentachlorophenol" by its chemi-
cal name.

(C) Clarification of Test Parameters.
The conditions for :analysis of several
parameters have been more specifically
defined as a result of comments received
by the Agency:

(1) In response. Ca five corbnjenters
representing State or local governments,
major 'dischargers, or analytical instru-
ment manufacturers, the end-point for
the alkalinity determination is specifi-
cally designated as pH 4.5.

(2) Manual digestitm and distillation
are still required ae necessary Prelimi-
nary steps for the Kjeldalg nitrogen Pro-

may be by N r. color comparison,

pro-
cedure. Analysis distillation

titration, electrode, of automated pheno-
late procedures. _

(3) In response to eight commenters
representative of Federal and State gov-
ernments, major 'dischargers, And ana-
lytical instrument manufacturers; man-
ual distillation at pH 9.5 is now specified
for ammonia measurement.

(D) New Parameters and Anglyticat
Procedures. Forty-fodr new parameters
Have been added to Table L In addition
to the designation of analytical proce-
dures foz*these new parameters, the fol-
lowing modifications have been made in
analytical procedures- designated in re-
sponse to comments.= .

(1) The ortho-tolitline prbeedure was
not approved for the measurement of
residual chlorine because of its poor ac-
curacy and precision:, its approval, had
been requested by seven commenters rep-
resenting major dis&argers, State, or
local governments, awl analytical instru-
ment manufacturers. Instead, the Nal-
diethyl-p-phenylenedlamine (DPD)
method is approved as an interim pro-
cedure Pending more intensive laboratory
testing. it has many:of the advanlagee
of the ortho-tolidine-procedure such as
low cost, ease of, operation, and also is of
acceptable precision and accuracy.

(2) The Environmental Protection
Agency coAcurred wigs the American Dye

-Manufacturers' request to, approve its
procedure for measurement of color, and
copies of the ixocedure are now available
at the Environmental Monitoring and

! VOL.I TIN, VOL 41, NO. 432 WEDNESDAY, DEC

Support Laboratory, Cincinnati (Et48c-
CI)

(3) In response to three requests from
Federal. State governments, and dis-
chargers, "hardness," may be measured
as the sum of calcium and magnesium
analyzed' by atomic absorption and ex-

-pressed as their carbonates.
(4) The proposal to limit measure-

ment of fecal conform bacteria in the
presence of chlorine to only the "Most -
Probable Number" (MPN) procedure has
been withdrawn in response to requests
from forty-five commenters including
State pollution control agencies, permit
holders, analysts, treatment plant op-
erators, and a manufacturer of analyt-
ical supplies. The membrane filter (MF)
procedure will continueg.. to be an ap-
proved technique for the routine meas-
urement of least coliflorm in the pre-
sence of chlorine. However, the MPN
procedure must be used to resolve con-
troversial situations. The technique
selected by the analyst must be reported
with the data.

(0) A total of fifteen objections, re-
presenting the entire spectrum of com-
menters, addressed the drying tempera-
tures used for measurement ,of residues.
The use of differentatemperatures in dry-
ing of total residue, dissolved residue and
suspended residukzas-effW as not allow-
ing direct intercomparability between
these measurements. Because,the intent
of designating the three separate residue
parameters is to measure separate waste
characteristics (low drying temperatures
to measure volatile substances, high dry-
ing temperatures to measure anhydrous
inorganic substances), the difference in
drying temperatures for these residue
parameters must be preserved.

(E) Deletion of Measurement Tech-
niques. Some ,measurement techniques
that had been proposed have been de-
leted in response to objections raised
during the public comment period.

(1) The proposed infrared spec-
trophotometric analysis for oil and
grease has been withdrawn. Eleven com-
menters representing Federskor State
agencies and major dischaz claimed
that this parameter is defined by the
measurement procedure. Any alteration
in the procedure would change the ,def-
inition of the parameter. The Environ-
mental Protection Agency agreed.

(2) The proposed separate parameter
for sulfide at concentrations ow 1
m0/1, has been withdrawn. Me lene
blue ,spectrophotometry is now in uded
in Tapia I as an approved proved for
sulfide analysis. , The' titrimetric odine
procedure for sulfide analysis only
be used for analysis of sulfide- t ncen-
trations M excess of one mill gram per

43

(F) Sample Preservation alts Holding
Times. Criteria r sample preservation
and sample hol times were requested
by several comm ters. The reference for
sample pr tion and holding time
criteria applica e to the Table I param-
eters is given i footnote (1) of Table I.

(0) Alternat Test Proqedures. Com-
ments g to 1 138.4, Application
for Alternate est Procedures, included
obi various obstacles within';
R 1, 1976

i!



these procedures for expeditious ap-
proval of alternate test procedures. Four
analytical instrument manufacturers
commented that by limiting of applica-
tion for review and/or approval of alter-
nate test procedures to NPDES perridt
holders, 136:4 became an impediment to
the ccenmerclal development of sew or
improved measurement devices based on
new measurement principles. Applica-
tions for such review and/or approval
will now be accepted from any person.
The intent of the alternate test pro-
cedure ik.do allow the use, of measure-
ment systems which are known to be
equivalent to the approved test proce-
dures in waste water discharges.

Applications for approval of alternate
test procedures applicable to specific dis-
charges will continue tobe made only by
NPDES permit holders. and approval of
such applications will be made on a
case -by -case basis by the Regional Ad-
ministrator in whose Region the dis-
charge is. made.

Applications for approval of alternate
test procedures. which are intended for
nationwide use can now be submitted by
sily person directly to the Director of the
Environmental Monitoring and Support
Laboratory in Cincinnati. Such applica-
tions should include a complete methods
write-up, any literature references, com-
parability data between the proposed al-
ternate test procedure and those already
ar)Pioved by the Administrator. The aP-
pliCition should include precision and
accuracy data of the proposed alternate,
test procedure and data confirming the
general applicability of the test proce-
dure WAN) industrial categories of waste
water for which it is intended. The Di-
rector of the Environmental Monitoring
and Support. Laboratory, after review of
submitted information, will recommend
approval or rejection of the application
to the Administrator, or he will return
the application to the applicant for more
infdrmation. Approval or rejection of ap-
plications for test 'procedures intended
for nationwide use will be made by the
Administrator, after considering the rec-
ommendation made by the Director of _
the Environmental Monitoring,and Sup-
port 'Laboratory, Cincinnati. Since the
Agency considers these procedures for
approval of alternate test procedures for
nationwide use to be interim procedures,
we'will welcome suggestions for criteria
for. approval of alternate test procedures
for nationwide use. Interested persons
should submit their written comments in
t riplicate on or before June 1, 1977 to:
Dr. Robert B. Medz, Envirorunintal Pro-
tection Technologist, Monitoring Quality

. Assurance Standardization. Office of
Monitorittg and Technical Support (RD-
680, Environmental Protection Agency.
Washington, D.C. 20460.

(H) Freedom of information. A copy
of all public comments, an analysis by
parameter of those comments, and docu-
ments providing further informatiOrran
the rationale for the changes made in
the final regulation are available for
%InsPection and copying at the Environ-
mental Protection Agency Public. Infor-
mation Reference Unit, Roo th 2922.

ca
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Waterside Mall, 401 M Street, SW..
Washington, D.C. 20460, during nornisl
business hours. The EPA information
regulation 40 CFR 2 provides that a rea-
sonable fee may be charged for copying
such documents. -

Effective date: These amendments be-
come effective on April 1, 1977.

.
Dated: November 19, 1976.

JOHN QUARLES.
Acting Administrator,

Environmental Protection Agency.
Chapter I, Subchapter D, of 'Title40,

Ode of Federal Regulations is amended
as follows: A

1. In 4 130.2, paragraphe(f) (g), and
h) are amended to read at follows:
§ 136.2 Definitions, ii.. . ..

(f) "Standard Methods" means Stand-
ard Methods for the Examination o/
Water and Waste Water,_14th Edition,
1976. This publication is available froin
the American Public Health Association,
1015 18th Street, N.W., Washington, D.C.
20036.

(g) "ASTM" means Annual Book 0/
Standards, Part 31, Wafer, 1975. This
publication is available from the eri-
can Society for Testing and Ma dais,
1916 Race Street, Philadelphia, P nnsyl-
vania 19103.

*(h) "EPA Methods" means Methods
for Chemical Analysis 01 Water an&
Waste, 1974. Methods Development and
Quality Assurance Research Laborttosi,

A
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National Environmental Research Cen-
ter, Cincinnati, Ohio 45268; U.S. Envi-
ronmental Prottction Agency, Office of
Technology Trivasfer, Industrial Envi-
ronmental Research Laboratory, Cincin-
nati. Ohio 45268. This publication is
available from the Office of Technology
Transfer.

2. In 4136.3, the second sentence of
fnaragrapil (b) is amended, and a new
Paragraph (c) is added to read as fol -

;lows :

§ 136.3 Identification of teht.proedur.\
(b) Under such circumstances.

additional test procedures for analysis
of pollutants may be specified by the
Regional Administrator or the Director
upon the recomme ndation of the Direc-
tor of the Environmental Monitoring and
Support Laboratory, Cincinnati.

(c) Under certain circumstances, the
Administrator may approve, noon rec-
ommendation by,the Director, Environ-
mental Monitoring and Support Labora-
tory, Cincinnati, additional alternate test
Procedures for nationwide use.

3. Table I of 4 136.3 is revised by listing
the parameters alphabetically; by adding
44 by adding a fourth
colu u der rj.erences listing equiva-
lent Unites Cates Geological Survey
methods; by adding a'fi tb column under-
references listing rain neous equiva-
lent methods; by delet g footnote)? 1
through 7 and adding 24 new footnotes.
to read as follows:

TABLE Of approved test proeefuresi

Parameter and mite 4"-' Method

1. Acidly, as "CsCO2. adIN-
grams pis Eke.

2. Alkalinity, as CaCO s, milli-
grams per liter.

3. Ammonia (as N), =there=
Per liter.

BACTERIA

4. Ctions% (fecal)', number per
UN mh

5. Conform (fecal) In presence
of Marine, number pee 160
ml.

6. Colley= (total),' number per
00 mL

7. Coliform (total) in presence
nilof chthrfne, number mute

S. Fecal streptococci; number
per n06m1.

f. Benddine, milligrams per lite.
10. Biochemical osygen damn

3-d (BODs), milligrams per
liter.

11. Bromide, milligrams per titer..
12. Chemical oxygen demand

(COD, P elites
13. Chlotide)duilliem Peme r We--

6
See footnotes of end of table.

Ziectrametrie end point

-References
1974 Kik od. (page nos.) Other
EPA standard approved

methods methods Pt. 31 V808 methods
1975 methods

ABTEI

1
or phenol-

thalami end point.
titration 3

(may S. pH 4.3) manualet sotomated, =-
NW =muted

Nam= didfilatims tist pH6.=w rby >, el:

phe

159

MPN;1 membrane filter, .

. .do.,

.do. t

MPH:* membrane filter 1
with enrichment.

SIPN$ membrane filter,
Piste count.

Oxidatlea-mipcimetrie i
Winkler (Aside modifier

Ron) es electrode method. .
Titrimerie, iodine- iodate...
Dichromate refiux.,. 20

fillref mints; =rem* hi-
or automated color'. *

in ferricyankle. 31

FEDERAL REGISTER, VOL 41, NO. 232-WEDNESDAY, DECIMSEI 1, 4176

44

273(4d) 116 40 1(007)

2711 41 8(007)

410
412 237 114 o345

922 -

937 2(40
922

9211, 937 - r

916
916 1 0i3)
916
ND

ft3
944 2(50)
947

643 2 OM n an
se

630 472 124 (610)

909 267
., s on

304 3118 5 (616)
413 i (46)
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Parmelee and units Method -
isktotoin mow, (pse ses.) Oilser

aisIlso* SI
*TS swamis

ASTSI

U. Chlorinated organic cora- (ins chroutstograPhY
Pounds Unapt PestIcideeL

per liter.
1.5. Chlorinetotal residual, milli-

grams per liter.

111...Color outman* cobalt units
or dominant wave length,
bah junduanco. PuritY-

I?. Cyanide, total!. millignsme
per liter.

IS. Cyanide amenable to chlorin-
ation, milligrams per liter.

19. Dissolved oxygen, ntilligraros
per liter.

U. Fluoride, mItilystos tier-titer .

lIardnese--Total, as CoC03,
milligrams per Iller.

IL Hydrogen lInt,cpli), pit units.
St Efehlahl mileage* (as E),

milligrams per liter.

43?

UMW
$4. AluminumTotal, milligrams

pee liter,

U. AlunfinamDissolved, until!-
grams per liter.

U. AntimonyTotal, milligrams
per liter.

ff. AntimonyDlesolved, nMit-
yams per liter.

U. ArsenicTotal, milligrams
Pee liter.

28. ArsealcDissolved,
yams per liter.

ItarinaTotal, flu
per War.

BariumDissalved,
yams per liter.

U. BerylliumTotal, milligrams
per Mu

° 32. NeryllitunDissolved, mll11.
yams per Ulf:.

St Boron-:Total, milligrams per
liter.

AcronDiseolved, milligrams
per liter.

311. CadinitursTotal, milligramsper.
11. CadmiumDistiolved, milli-

, grams per liter. .

U. CalciumTotal, Milligrams'
per liter.

$0. CalciumDissolved, milli-
grams per liter.

4$. Chrosallsm VI, milligrams per

41. Chromium 'VIDissolved,
'Milligrams per Me!.

'at (*maimTotal, millidtuns
per liter.

eltrominthDiseulved,.
yarns per .

,
Su footnote. at end of table.

4

4.

lodometric titration, limper-
°mule or starch-iodine
end-point; DYD calori-
metric or Titrimetrie
methods (than last 2 are
interim methods pending
aboratory testing).

Colorimetric; spectropholo-
metric; or. MUD pro-
cedure!"

DistillatiOit followed by
ate: nitrate titration or
p Wine pyruolone (or
berbitifric acid) color--
metric.
-do -.

Winkler (Aside modifica-
tion) or electrode method.

Distillation followed by
ion electrode; SPADN8;
or automated compiesone.

EDTA titration: auto-
mated colorimetrie; or
atomic absorption (sum
of Ca and Mg as their
respective carbonates).

Rieetrometric measurement.
Digestion and distillation

followed by neralerisation.
titration, or electrode;
antomateddigesti611 mkt'
mated phenolate.

.....

51 443 366 126 ON)
as aso

389 . .....
as 301 207 93
59 301 306

614
. 207 lot (14 017)

70'

10
at

40

49

ale
WI 2/S

Sao.......

06

301 503 45 .

'E6 507.

219 460 172
175 4612))
163

Digestion Is followed bi 92
nnorby

(Erioehrome

0.43 mionmilitration fol-
C

lowed by relerencod meth-
ode for total aluminum.

Digestion" followed byatomic allors
0.45 mieroti

lowed by referenced
metbedfor total antimony.

Digestion fo llocria=aer
..dietbylditb

or atomic &Wootton!" Is
0:45 micron filtration It fol-

io

Digmti
atomic

0.45 micron
lowed
method fewD=rt 1"
cokainsetrie

0.45 micron Ill
lowed by NW*
mstbodfor total beryllium

Colortnietrio (Commits). IS 287

94

152 ..... . _

..... .. . .......

47 152 52

177

0.45 micron filtration sr fol. ,..

lowed by rammed meth-
od teetotal bacon. . PMENU= u followed by 105 144 145 41 $(55$) 0 OD
atomic absorption "or by . 1U
colosimetris (Dithlsooe):

0.45 mierott Attrition ffs Sol-
lowed by refereemedmeth-
ml for total cadmium.

Digestion Is followed by 108 14$ NI *
atomic abso(ption; or .....
EDTA. titration.

0.45 micron nitration" Sal-
lowed by rehreneed meth-
od foe total Mahn*. ,

Extraction and atomic ab- 86, 166 C75
sorption; eolocinsetric (Di- ......
pbenylearbaside).

0.45 micron filtration lot-
lowed by referenced meth-
od for chromium VI.

Digestion ss tollowed by 166 144 i45 7$ 00
atom's iloorpuon so or hY 142 US

oelortrootrie
(Diphenyl-

cerbaside).
0.46 micron filtration is fol. .1.

lowed by relenneed meth-
od for total chromium.

.

'11101STIER. VOIL,41, NO. -232WIONISDAY, wawa 1, 1,74-
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Parameter Ind units Method
1014 Mod; Zs= Miler

Atiseleetket.aseibode MU USG3 I:=
2101

ASTM
0*

ft CobaltTotal, milligrams per.
VW.

CbeitDhsoirod,
grams pet liter.

4$. CopperVolta, milligrams
pee law.

47. Copper- -Dissolved,
grams pet liter.,

45. r. Toad, milligratas per
arr.

0. Irlditt -Total, mailgrams
pes

IronT milligrams per

51. IronI bed, milligrams
Per

12. 14Total, milligrants per
liter.

0 LeadDissolved, milligrams
per liter.

M. MagnesiumTotal, -
grams per Wee.

SS. elligneelumDirsobrod milli-
grams pet liter.

Manganese Total milligrams
per liter.

57. Manganese Disellived milli-
grams per liter.

M. MercuryTotal, milligrams
per Iltet.

U. MercuryDissolved, mall-
grains per Uwe.

00. lgelybdeaumTotal,

1b7le=biesolved,
m !firms per liter.

ft. NickelTotal, elliffgrams
per liter.

M. NidulDiamired,
peonsper liter.

M. OsmiumTotal, milligrams
liter.

ft PalladiumTotal, millirem,'
per tar.

PlatinumTotal, milligrams
per lite.

PotershunTotal, milligrams
per liter.

N. PotassiumDissolved.
grams per liter.

IS Rbodlimr,-Total, mailgrams

IS.
pot liter.

ItuthealumTotal, mliii
Ube.

71. SeleniumTotal,lumTotal, 1111111VIMS
per liter.

72. foWleurDissoleed, milli-
gram per litw.

73. 131110Diaisobed, milligrams
per law;

74. SliverTotal," millIgrams
per liter.

IlliverDisiolred," m1111-
,, rem per liter.

711, Bedlr amTotal, milairaps
pe law.

77. SodiumDissolved, milli-
gems pm' Mkt.

be footnotes at end of table

Digestion " followed by 107 . 141 MS $O "C$7)
atomic absorption."

0.45 micron fll on "
lowed by referenced meth.
od for total cobalt.

to lollowed by a IffirP07)
atomic

mbergill°n
by

co lo rl (Preoeu-
promos).

0.45 micron filtration" fol-
lowed by referenced meth-
od for total copper.

Digestion" followed by
atomic abeorpUon.lo

Digestion It followed by
atomic absorption."

Digestion to followed by 110 14$ 145 10 I (5111)
mantic absorption" or by
looinclor. metrlc Wheneuthro- 30 XS

0.45 micron filtration" fol-
lowed by referenced meth-
od for total iton.

Digestion" followed by 112 '10
atomic absorption loe by
colorimetritiDithizone). 215

0.45 micron filtration " fol-
lowed by referenced meth-
od for total lead:

Digestion followed by 114 141 245 100
atomic absorption; or 221
gravimetzle.

0.45 micron filtration" dot-
lowed by referenced
method for total meow-

Digestion followed by 1111 2201270 1_111_ ..............
sium.

atomic absorption "cc by
colorimetrie (Persalfab or
periodate).

0.45 micron filtration " fol-
lowed by referenced
:method for total mange.

Plemoleas atomic abeerlo- 11$ 01twit.
0.46 micron filtration" fob .

jbwed by referenced
method for total morcurY-

Wto followed by 00
e
n
absorption."

0.0 micron filtration" fol-
lowed by referenced
method for total coolybde-
rstm.

Mellon to followed by 141 145 141
atomic absorption to or by
colortmetrish(Meptorime). T

0.46 micron filtration to fol- ................. .............
lowed by referenced
method for total nickel.

Digestion " followed by ..
atomic absorption."

Digestion" followed by
atomic

Digestion to followed by
atomic absorption."

Digotion to followed by 143 --- OW
atomic absorption, cobei-
metric (Cobaltinitrite), or 314 NO .....
by Um Photometric,.

0.45 micron filtration" pt.
lowed by referenced melb-
a for total Potestitlm.

Digestion to followed by
atomic absorption."

Digestion" followed by
atomic absoeptIon,

...................
Digestion" followed by

atomic absorptlon."
0.45 edema flitistlon " fel-

lowedby referenced meth.
od for total sohnium.

0.45 micron at to fob 274 457 WI 10
lowed by. colorimetric

Digestion to followed by 144 141
fifolyoddsllkato).

1010 "($1)
atomic absorption to of bY 20
eolodmetric (Dithisoaa).

0.45 solemn filtration "jo
lowed by referenced
od for ttal silver.

Digestion
o

to followed by 147 14$ 1(114)
atomic absorptionioien

metby

N NO

"")°net0.45meron0I

.....

od for total sod!

la Imo

;
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31. Thallium-Totil, milligrams

70. um-Dissolved, mJlll-
gratttt per liter.

$0. Tin-Total, milligrams per

U.
liter.

Tin-Dissolved, IniWgralue
per

$2. ullIligrants

111. Titternz*-Dheolved, m1111-
., grams per likr.

114.1'Ultadium-Totol, milligrams
per liter.

115. Vanadium- 1)betalrel,
grams per liter.

$4. Zits- Total, milligrams per
liter.

87. Ziste-Dlasola .1, udgignoug
per liter.

lt.8. Nam". Ca. S. I. tollintratus per
liter.

bO. Nitrate .tie N otailligraros per

110. 1)11 and gre-ce, milligrams per
liter.

td. Orgaule carbon; mull (Toe.),
ruiUtgtanrs per liter.

tr.2. Organic Oltrogen taw N).1n1111
g rains ;wilder. Ar

93. Ort horilaThatr 41A er. "11/.
gr.uus per liter.

Pentaddorophenol, milli-
grams per liter.

95. Pestkides, milligrams per
liter.

.4. Phenols, rulingnuns pet liter_
V. Phosphorus klemental),m11,11-

grams per liter.
98. Phosphormr; tidal (us P1.

milligrams per

ROLES AND Riouuno s

Mtitigid

DlgeeUon is followed by
atomic aleorptlet.le

0.45 micron filtration s foie
lowed by referenced meth

for total thallium.
Digestion Is followed by 150

4 11 (a)
atomic absorption?'

0.43 micron filtration 11 fol-
lowed by rekrenixd meth-
od for total tin.

Digestion ts followed by 151
atomic absorption.?'

0.45 auk= filtration I, fol-
lowed by referenced melt.

--oel for total titanium.
Ingestion Is followed by 113 153

atomic absorption 14 or by .
eolorlinctrie Walk arid).

0.45 inieron nitration)? kJ-
lowed byyekrenced meth-
od for total vanadium.

Digestions followed by , 156 148 345 150 '(619)"($7)
atomic alwarption 14 or by 245 -. .- ........
colorintetrie (llitbizon.). ___ __.__ ....... - --

0.45 mieron nitration s. fol-
lowed by referenced meth- ,-
od for total zinc.

Padmium nviuellon; bra- 201 423
- sine sulfa.; automated 197 , 427 358 119 '014) *(25)

entlinlion or hydrazine re- 207
ditetion."1 .

Manual or automated Mori- 213 434 121 ..
mew.. t Rhein ization).

iksid-lbilliti extraction 229 315 . .. . - .
with triehloro.trilluoro-
etlumeigraviluenic. .4

combust ton-Infrared 236 222 467 s (4). .. ....
method?:

Rjeldabl nitrogen name 175,130 122 8 (II; 514)
am Imola nitrogen.

Manual or automated aseo 240 481 214 111 8 MI)
Lie acidreduction. 330 834 .

this chromategraph3 Its. - - -

8.

References
1974 .14th ed. (pagepos.) Other

NPA standard approved
Methods methods Pt. 31 CRCS methods

1975 methods'
3.11T11

300 441 s

CO.

M11,101l L

itt.. .. - 529 Is

('olorimerie. i4AAP).. MI 582 545
tins ehronuitography 3,
.---

Pe/sulf,ate, digestion fol.- NO 474,481 314 lag 8 4131)
lowed by Manual or auto- WM 0911
mated as, on acid reduc-
tion,

-
119. Alpha- Total, pCi per liter. .

100. Alpha-Marking error, pCi
per liter.

101. Beta-Total, pCi per like-- Proienlioilta counter- .....
102. Beta-Counting error, ftZi per_ t - .....

liter.
103. 'a) Radium-Total, pCi per . . . ........

liter. -
th) Rs, RC! per liter... .. .° inptat ion counter_ ........

Notion ,os 11104 11111111311011
CUrnilwr.

11411

NS

841

IN

JIENUVE , -
JOG. Total..milligrams per likr__. ( trav intrude. Mato 106 C... 270 91
103. Total dissolved (lineable), Ohms fiber filtration, MO' C. Ill 13 -

milligrams Poe
o (lionillter- lilacs fiber filtration, 10$ to 301 -91 .11.

able). n liter.- 1(a° II.
107. Settleible Miters liter 1' ul ..... etrie or Stevinnorie -. ....» 16 rib

or nti not per .11

101. Total volsul., milligrams per- time Ow, trie, 330° (":,. , ,,,1 rg 96 ... . ...... .-..-..
liter.

109. Spkille etnuluttanee, micro- Wheatstone lotidge eotidue- ZI, 71 120 MI , 8 (44)
mhos per centinloter at 26 "potter.

gm. ;twat. (as t),), milligrams Crwrinustft tau nettle; 4f41 CR - 8
per liter. ,, - or 'atoms , 277 495

(barium ch illactrul4 *279 -
Ill. Sultide-tas fn. tailagran13 per Udine VAS". for W-

ilt. r. eta greater than I mg par 503 -
liter; M.thylene blue pito-. unnetrie.

112.. Sulfite (se SO:), milligrams.. Titrimetrk, Iodine-Iodate.- 236 5011. 425 ..............
113. foke

liats
, mlii_ta sg per Calorimetric (Methylene 227 WO -401 S(11)

like. blue).
114: Te ure, *ore C........ Milbrated gbiat or sloctri- 214 136 I1(31) ......

metric thermometer.
113. Turb ty, NT U ..... ._____ Nephelometric 265.- 113 2111 154

8411:11(75+719--- -

(79)._ ....... -
OOP n(754

a ....-....-

e , .
.

1 Itaronuetolatied's for sampling aid pros/v/04m of samples wording to POMmeblemeramdm1V10/10104 10
Ilathods for 1 laintleal Analysts of Water tuld Wastes, 1974" U.S. Inviroiniontal PrOttlet100 Aralas NM 2, PiN
V111.111.

. . . .-

47
REGISTER,161141 VOL 41 NO, 232-W10141SOAY,' DICVAIIII 1, 117*
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1.

§ 136.5 [Amended] -3 All pale references for 1:SGS methods, unless other% ise noted, are to Brown, E., 81cousstad, M. W., and Fish-
man, IL J. "Methods for Collection and Analysis of Water Samples for Dissolved Minerals and Gases," U.S. °elect-
calliurveiTechniqueeot-Water-Resources Inv., book 5, oh. Al, (1970).

3 EPA comparable method may be fonnd on Indicated rage of "Official Methods of Analysis of the Association of
°Melo* Analytical Chemists" methods manual, 12th ed. (1975).

'Manual distillation Is not required if comparability data on representative effluent samples are oft company file
to show that this preliminary distillationstsp is not necesary , hoe ever, manual distillation will be required to resolve
any controversies.

The method used must be specified.
The Slube MPN is need.

l Slack, IC. Y. and others), "Methodsfor Collection and Analysis of Aquatic Biological and Mircobiolog hal Samples:
VS, Ueolegical Survey Techniquea of Water-Resources Inv. book 5, ch. A4 (1973)."

Since the ,mbraite filter technique neatly yields low and variable recovery from chlorinated wastewaters, the
DIPN method will be required to resolve gay controversies.

dAdequately tested methods for bensIdlue are not available. Until approved methods are available, the following
Interim method can be nsed for the esUmation of bensidinm (1) "Method for Bensidine and Its Salts In (Vastowaters,"
available from Environmental Monitoring and Support Laboratory, U.S. Environmental Protection Agency, Cin-
cinnati, 01,1045268.

"American National Standard on l'hotographic Processing Effluents, Apr. 2, 1975. Available from ANSI, 1430
Broadway, New York, N.Y. 10018.

a Fishman. al. J. and Brown Eugene, "Selected Menials of the U.S. 0i:elegies' Survey for Analysis of Waste-
waters," (1976) open-file report 76-177.

a Procedures for pentschlorophenol. chlorinatedorgimIc compounds ,aud pesticides make obtained from the En-
vironmental Monitoring and Support Lbaoratory, U.S. Environmental Protection AgencrlC, I neinnati, Ohio 45268.

Environmental Protection Agency, Cincinnati, Ohio 45268.
33 Color method (ADMI procedure) available from Environmental Monitoring and Support Lbaoratory, U.S.

33 For samples suspected of having thiocyanete Interference, magnesium chloride is used as the digestion catalyst.
In the approved teat pcoeedure for cyanides, the recommended catalysts are replaced with 20 ml of a solu tion of 510

rnalryfinideamendable to chlorination measurements.
um chloride (MgC13411,0). This substitution will eliminate thiocyanate interference for both total cyanide

"Fa the determination of total metals tbe sample is not filtered before processing, Because vigorous digestion
procedures may result In a loss of certain metals through preciptation, a less vigorous treatment Is recommended as
given on p. 83 (4.1.4) of "Methods for Chemical Analysis of Water and Wastes' (1974). In those instances where a
more vigorous digestion Is desired the procedure on p.82 (4.1.3) should be followed. For the measurement of the noble
metal series (gold, Iridium, osmium, palladium, platinum, rhoplum and ruthenium), an aqua reale digestion is to be
substituted as follows Transfer a representhive aliquot of the well-mixed sample to a Oriffin beaker and add 3 ml
of concentrated redistilled HNO,. Place the beaker on a steam bath and evaporate to dryness. Cool the beaker and
cautiously add a 5 ml portion of aqua regia. (Aqua roes is prepared immediately before use by carefully adding 3
volumes of concentrated HCl to one volume of concentrated 111400 Cover the beaker with a watch glass and return
to the steam bath. Continue heating the covered beaker for 50 min Remove cover and evaporate to dryness. Cool
and take ue the residue In a small quantity of 1 1 HO. Wash down the beaker walls and watch glass with distilled
water and filter the sample to remove silicates and other insoluble material that could clog the atomizer. Adjust the
voles e to some predetermined value based on the expected metal concentration. The sample Is now ready for analysis.

a As the various furnace devices (flanaeless AA) are essentially atomic absorption techniques, they are considered
to he approved test methods. Methods of standard addition arc to be followed as noted in p.78 of "Met hods for Chem-
ical Analysis of Water and Wastes," 1974.

Dissolved metals are defined as those constitqlents which will pass though a 0.45 am meeibrane filter. A pre-
filtration is permissible to free the sample from larger suspended solids. Filter the sample as soon as practical
after collection using the first 50 to 100m1 to rinse tliefilter flask. (Class or plastic filtering apparatus are recommended
to avoid possible contamination.) Discard the portion used to rinse the flask and collect the required volume of
filtrate. Acidify the filtrate with 1 lredistilled IMO, to a p11 of 2. Normally, 3 ml of (1:1) aeld per liter should be
sufficient to preserve the samples.

"See "Atomn,Absorption Newsletter," vol. 13,73 t1174). Available from Perkin-Elmer Corp., Main Ave., Norwalk,
Conh. 00852.

",Method available from Environmental Monitoring apd Support Laboratory, U.S. Envieonmental Protection
Agenoy, Cincinnati, Ohio 45208.

Recommended methods for the analysis of silver in Indusfrial wastewaters at concentrations of 1 mg/1 and
above are Inadequate where silver exists as en Inorganic halide. Silver halides such as the bromide and chloride
are relatively insoluble in reagents such as nitric acid but are readily soluble In an aqueous buffer of sodium thlo-
sulfate and sodium hydroxide to a pH of 12. Therefore, for levels of silver above 1 mg/I 20 ml of sample should be
diluted4o 100 ml by adding 40 ml each of 2741 NatS20, and 2M NaOH. Standards should be prepared in the same
manner. For levels of silver below 1 mgfl the recommended method is satisfactory,

53 An automated hydrazine reduction method Is,avallable from the Environmental,hicillormg and Support
Laboratory, V.S. Environmental Protection Agency Cincinnati, Ohio 45288.

a A number of such systems manufactured by various companies are considered to be comparable in their per-
torment*. In addition, another technique, based on combustionmethane detection LI also acceptable.

a (loerlitz. D. Brown, E., "Methods for Analysis of Organic Substancesin Water": U.S. Geological Survey Tech,
niqttes of Water Resources Inv., book 5, eh. AS (1972).

a R. F. Addison and R. U. Adman, "Direct Determination of Elemental Phospliorusby Chas- Liquid Cbronut-
tcgraphy," "Journal of Chromategraphy," vol. 47, No. 3, pp. 421-459, 1970.

The method found on p. 75 measures only the dissolved portion while the methods:1n p. 78 measures only sus.
pended. Therefore, the 2 mulls must be added together to obtain "total."

"Stevens, H. H.. Fielre:-) F., and Smoot, O. F.. "Water Temperature7Inflnential Factors, Field Measureineat
and Data Presentation V.S. Geological Survey Techniques of Water Resources inv., book 1 [4473)."

A. In § 136.4, the second sentence of
paragraph (c) is amended by deleting
the word "subchapter" immediately fol-
lowing the phrase "procedure under this"
and 'immediately preceding the word
"shall" and replaced with the phrase
"Paragraph c;" and § 136.4 is amended
by adding a new paragraph (d), to rid
as follows:. -
§ 136.t Application for alternate test

procedures.

(c) Any application for an alter-
nate teat procedure under this paragraph
(c) shall: '

(d) An application for approval of an
alternate test procedure for nationwide
use may be made by letter in triplicate
to the Director, Environmental Monitor-
ing and Support Laboratory, Cincinnati,,,
Ohio 45268. Any, application for an alter-

.

, ACS .

nate test procedlire under this paragraph
(d) shall:

(1) Provide the.name and address .of
_ the responsible person- or firm making

the application.
(2) Identify the pollutants) or pa-

rameter(s) for which nationwide ap-
proval of an alternate testing procedure
is being requested.

(3) Provide a detailed description of
the proposed alternate Procedure, to-
gether with references to published or
other studies confirming the general ap-
plicability of the alternate test procedure
to the pollutant(s) or parameter(s) in
wastewater discharges from representa-
tive and specified industrial or 'other
categories.

(4) Provide comparability data for the
Performance of the proposed alternate
test procedure compared to the perform-
ance of the approved test procedures.

5, In § 138.5, paragraph (a) is amended
by inserting the phrase "prOposed by the
responsible person or firm making the
discharge" immediately -after the words
"test procedure" and before the period
that ends the paragraph.

6. In 1 136.5, paragraph (b) 'is amended
by inserting. in the first sentence the
phrase "proposed by the responsible per-
son or flrni making the discharge" im-
mediately after the words "such applica-
tion" and immediately before the comma.
The second sentence ,of paragraph (b)
is amended by deleting the phrase
"Methods Development and Quality As-
surance Research Laboratory" immedi-
ately after the phrase "State Permit
Program and to the Director of the" at
the end of the sentence, and inserting in
its place the,phrase "Environmental
Monitoring and Support Laboratory,
Cincinnati." .

7. in § 136.5, paragraph (c) is amended
by inserting the phrase " proposed by the
responsible person or firm making the
discharge" immediately after the phrase
"applidation for an alternate test pro-
cedure" And immediately before the
comma; and by deleting the phrase
"Methods Development and Quality As-
surance Laboratory" immediately after
the phrase "application to the Director
of the" and immediately beforKthe
phrase "for review and recommenda-
tion" and inserting in its place the phrase
"Environmental Monitoring and Support
Laboratory; Cincinnati."

8. in § 136.5, the first sentence of para-
graph id) is amended by inserting the
phrase, ' proposed by the responsible
person or firm making the discharge,"
immediately after 'the phrase, "applica-
tion for an alternate, test, procedure,"
and immediately before the comma.

The second sentence of paragraph kd)
is amended by deleting the phrase,
"Methods DevelopMent and Quality As-
surance Research Laboratory," immedi-
ately after the phrase "to the Regional
Administrator by °the Director of the,"
and, immedrately preceding the period
ending the sentence and inserting inIts
place the phrase, "Environmental Moni-
toring and Support Laboratory, CM-
cinnati: '

The third sentence of paragraph (d)
is amended by deleting the phrase,
"Methods Development and Quality As-
surance Research Laboratory," immedi-
ately after the phrase, "forwarded to the
Directd," and immediately before the
second comma and by inserting in its
place the phrase, "Environmental Moni-
toring and Support Laboratory, Cin-
cinnati.*'

9. Section 136.5 :is amended by the
addition of a new paragraph (e) to read
as follows:

. FEDERAL REGISTER, VOL. 41, NO. 232-WEDNESDAY, DECEMSER 1, 1976
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RULES AND REGULATIONS .

§136.5 Approval of alternate teat pro.
(*dares.

, e
te) Within n1).1ety days of the receipt

by the Director of the Environmtaital
toying. and Support Labomtdry.

C innati of an application for an
al ate test procedure for nationwide
us e' Director of the Environmental
Monitoring and Support Laboratory.
Cincinnati shall notify the applicant of
his recommendation to the Adminis-
traVir to approve or reject the applica-
tion, or shall specify additional 1pforma-
tion which is required to deterniine

_whether to approve the proposed, test
procedure. After such notillcatioN. an
alternate method determined by theleelhat..
ministratoeto satisfy the applicable le-
quirements of this part shall be approved
for nationwide use to satisfy the rettire-
ments pf this subchapter; alternate test
procedures determined by the 'Adminis-
trator not to meet the applicable require-
nients of this part shall be rejected..
Notice of these determinations shall be
submitted for publication in the PitpritAL

ttt
Itr.ctsrra not later than 15 days after
such notifiCation and determination is
made. e, a

[PR poe.76-956132 Piled 11730-76; 8 :45 Ian ],
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FEDERAL-REGISTER, . 41, NO. 232-- WEDNESgAY4 DECEMBER 1,'1976, pp. 52780-42786
mro

136 -- GUIDELINES ESTA8LISHIN TEST PROCEDURES.'FOR THE .

ANALYSIS OF POLL NTS

Amendment of Regulations; Corrections*

Page . Parameter Number Correction or Addition

52783 62, Nickel ' 14th ed. Standard Methods - add "232" to page
reference opposite the colorimetric method

.--

.1 designation.

52784 89-5 Parameter and units, change "Nitrate" to
"Nitrite" 40*

52784-96, Phenol's Delete the present method designation;
"Colorimetric, (4 AAP)," and replace it
with the method designation, "Distillation
followedby-colorimetric, (4 AAP)."

N,

,52784 96, Phenols 14th ed. -Standard Methods change "582"
to "574"

Amendment; Correction**

52784 1`06, Total Suspended, In "Method" column, after "103 to 105°C," add:
Residue "Glass fiber filtration, 103-105°C, post-

washing of restdue." Opposite this entry,
in the "other Approved Methods" column,

4 add (537)c! Then, on page 52785, add
1 footnote 27 to.read: "27. Standard Methods'

for the Examination of Water'and Wastewater,'
.13th Edition.(1971)."

*Federal Register,' Volume 42, No. 12, TuesdiY, January 18,1;77, pp. 3306 -3307'
**Federal,Registert Volume 17, No.. 139, Wednesday, July 20, 1977, p. 37205

e
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NPDES/CERTIFICATIONS
ALTERNATIVE.TEST PROCEDURES FOR LIMITED USE

TOPIC: Application and approval for individual,permit-holders to use,alternate
test procedures (alternate to those published in the Federal Register
for NPDES/certification purposes) for specific discharges.

SOURCE: Federal Register, Title 40, Chapter I, Subchapter D, Part 136:
- V91 38, No. 199, October 16, 1973
- Vol 41, No. 232, December 1, 1976

a.

A. Application for Alternate Teit.Procedures

The responsible person or firm making the discharge applies to the EPA
Regional Administrator (RA) in the Region where the discharge occurs,
through the Director of the State agency having permit-issuing authority.
If the state does not issue permits, the application is sent directly to
-the EPA RA. One must:

1. Provide identifying information, i.e., rame, address', permit number,
etc.

2. Identify the pollutant or. parameter involved.

3. Provide justification for using alternate procedure rather than stipulated
test."

-4. Provide a detailed description of the proposed procedure with references
regarding the applicability to the effluents in question.

B. Approval of Alternate Test Procedures

/-
An EPA Regional kaninistrator (RA).has the final responsibility for approval.

1.'the'State Director conducts a hnipal and administrative review.and
forwards the application and hi recommendation to the RA.

.

2. The RA conducts a technical ari0 administrative review.

. If the State Director reconmended rejection for.scientificiand technical
reasons, the RA denies the application and sends a copy off the rejected
application and his deciS7 n to the applicant, the State irector and to
-the Director of the Envir, 'ntal Monitoring and Support LLaboratory (EMSL).

;)

i

\b. Before approving any appl ation, the RA sends a copy of t e application.
.to-theDirector of EMSL fo review and recommendation:

3. Prior to-90 days of receipt of
EMSL forwards to the RA, a rec
other technical basis for accep

4. Within 90 days,of receipt, the
State adency of approval or rej
required for the decision.,

5. A copy of all approval and r'ejec

7,14' ' purposes of national coordinatio

he'application-by the RA, the Di ector of
ndation.providing the scientific and
nce.or rejection of the application.

notifies the appl=icant and the appropriate
tion, or,else specifies additional information II
ion notifications are sent to EMSL'for=

5'



NPDES/CERTIFICATIONS
4 ALTERNATIVE TEST PROCEDURES FOR NATIONWIDE USE

TOPIC: Application and approval by any person, laboratory, manufacturer, etc.,
for nationwide use of an altern'ate test procedure (alternate to those
published in the Federal Register for.NPDES/Certification purposes).

SOURCE: Federal Register, Title 40, Chapter I, Subchapter D, Part 136, Vol 41,
' -No. 232, December 1, 1976 s,
,

. 4
A. Application for.Alternate,Tegt Procedures

Any interested person, laboratory, manuficturer, etc:, applies to the
Director,, Environmental Monitoring and Support Laboratory (EMSL), Cincinnati,
Ohio 45268. One must:

m

1.

2.

4.

Provide identifying information, .e.,.name and address of
person or firm.'

.

Identify the pollutants) or parameter(s) involvid.

Provide a detailed description of the proposed-procedure with
regarding its appliCability.

Provide comparability data (proposed procedurecOmpared to
published in the Federal Register).

the responsible

references

1
procedure

al

B. Approval of Alternate Test Procedures

The Administrator of the U.S Environmental Protection Agency has the final
responsibility for approval.

1. The Director of EMSL conducts a technical review.

2. Within 90 days of receipt, theDirector of EMSL notifies the Administrator
of his recommendation to approve or reject-the application, or else returns
the application for additional information- required for the decision...

. 'After notification of the Eigkrecommendationt, the Administrator determi
whether or not the alternate test..procedures meet the requirements set fo
in the Federal Register, i.e., whether the procedures are to be approved o
rejected:

4. Within fifteen days of the notification and determination, notice. of the
final decision is submitted to the Federal Register for publication.

5.2

A

1
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.4 UNITED STATES ENVtRoNmENtAL PROTECTION AGENCY
, OFFICE OF RESEARCH AND DEVELOPMENT

ENVIRONMENTAL MONITORING AND SUPPORT LABORATORY .
CINCINNATI. OHIO- 45268

September 20, 1978

SUBACT: Use of'Chemicil Test Kits for CoMpliance
Monitoring

FROM: . Dwight G. Ballinger, Director
ti Envirodmental Monitoring and Supp

Laboratory - Cinchnati

TO: Regional-Quality AssUrance Coordinators

> A number-4f Regional-Coordinators and Permit staff have received
inquiries concerning the use of test kits for the parameters` required
by the Effluent Guidelines and Compliance'Monitoring Sections of PL
92-500. This mgmorandUM defines the position of EMSL on these't4ht'
methods-and contains recommendations for regional and state response
to inquiries concerning acceptance.

Our interpretation of Section 304(g), implementedas "Guidelines
Establishing Test Procedures for Analysis of Pollutants," in Federal'
Register, Dec. 1, 1976, is that the test kits are not equivalent to
the procedures promulgated in the Federal Register and therefore are
subject to the requireMents governing alternate procedur4s. Therefore,
it is necessary for the applitant equest the. use of these test
kits from'the appropriate Region Administrator' :ascpresehted in the
regulations. This recommendatio is based upon the following factors:

.

,
AMPLE PREPARATION .

..-

,Most,of the procedures stl tid for'implementation of Section 304(g)
are'designed to measure the to nstituent or element present in
the sample or are specifically modifi-. . . ine a pr
defined form of the substance. The test kits cons ere erein
generally do not utilize the necessary digestion or pretreatment

'

required to measure the total corlitituent.. In many caig-, such as
preliminary digestion with
'canno be performed iatisfa torily under field conditions. us,-the

ids or distillations, these pretreatments
t Thus,-the

final, result reported, when a' it is used, is nearly always less than
the true value and acceptance f such datawill lead toiwrong inter-
pretation.of effluent loading .

,

s.

o

a. a
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INTERFERENCES

It should be recognized that a majority of these test kit measurement
techniques were developed for field use,,on domestic water supplies or
relatively clean ambient streams and are not designed to provide for
removal of interferences often encountered in municipal and industrial
waste effluents.

.

MEASUREMENT SYSTEMS

In some cases the physical and chemical measurement -principles differ
from those'- emplpyed iri the' reference methods. In. addition, proprie-
tary reagents of unkndwn composition are often provided with little or
no information available on the reactions involved. Even though some
of the tests are "basedon Standard ethods," a number of factors rule
out the acceptance of the test pro dures as equivalent.

/REAGENTS

In most cases the reagent 61ceptrations-are not the sam is those
described in therefere e method. Volumes are general pre-measured
under unknbwn conditi s and addition to the sample i often by means
of inadcur.ate droppers or pipets. In short, the qu ity and quantity
of reagents is t'under the direct control of th- analyit, as
require,by g analytical_technique.

CALIBRATION'AND COLOR M ".UREMENT

-0*

7 -18

most test kits a comparatively.si photometer is provided or
available light is useeta,measure -'for intensity. Calibratio
scales are -supplied by the manu cturer based upon factors dev loped 0,
under Ideal conditions' in abbratory, and recalibration is -
difficult or not recomme d;''No provision is made for changes in
reagent composition du twinadequate quality control in manufacturing
or adverse storage c ditionst, The Photometers usually available will
not accept cells of sufficient path length to achieve the required
sensitivity, and s,-led standards incorporatedHin the kits are subjec
to changes in col with time. Finally, the band pass of these
photometers is g erally too wide' for accurate measurement of the
appropriate wav ength.

.

.

D A RE UIREMENTS FOR 'ALTERNATE TEST PROCEDURES

'a

v',:. .

When consideration of the above factOrs'are not sufficient to rejec
an appli atidn,for use of test-kits, a request should be made for

x
,

40

Cee a
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comparative data'uOon which to judge the app 'cability of the.alterna-
tive procedures. The attached protocol is rec ended in developing
-the necessary information. The regulations req e that the alternate
proCedures,be used on the waste being monitored and that application
'he made to the Regional Administrator or State Director having
juritdiction over the &permit issuance.

_ , .
It is recognised that under unusual conditions the applicant May, have
difficulty obtaining comparative data because of lack of laboratory
facilities, at remotelocatidffs. Even in,these cases, the applicant.
should be urged-to obtain adequate data by having the necessary work
done at :A base laboratory or on contract. The'acceptance of alternate
prbcedures with9ut supporting laboratory results may significantly
weaken the pollution control:efforts intended by PL 92-500.

The use of fie3d test kits, as with ether alternate procedures, should
be considered ona case-by-case basis ,\with judgment based on all of
the factors involved. No blanket acceptance of test methods will be .

recommended unless a large volume of data have been accumulated
clearly showing that the use of 'the specific alternate procedure to a
wide variety 0 sample types will provide test results equivalent in
precisioh and accuracy to'the reference methods. When such data are
available; the method will probably be incorporated in amendments to ,

the listing of Dec. 1, 1976, making further substantiation unnecessary.

Attachment

,cc: Walter G. Gilbert, Director
National Training & Operational TechnolOgy. Center

4

4

%
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Attachment

BATA R QUIREMENTS
NATI IDE APPROVAL 0 ALTERNATE TEST PROCEDURES

1) Five industrial (discharge) sources I. ntified by*andard Industrial
Classification (SIC) co4e or five drink ng water sources,

2) Six samples from each source.

3) four replicate analyses eabh by the proposed and roved method.

Sources Samples Replicates Methods Total

5, X 6 X 4 X 2 . 240

.DATA'REQUIREMENTS
LIMITED = USE APPROVAL OF ALTERNATE TEST PROCEDURE

STATE OR REGIONAL USE

1) Five sources.

2) Three samples from each source.

3) Four replicate analyses each by the propbted d approved method.

Sources Samples , Replicates, , Methods *Total

5 X 3 X 4 X 2 a 120

56



DATA REQUIREMENTS
LIMITED - USE APPROVAL OF ALTERNATE TEST PROCEDURE

PERMIT HOLDER OR DRINkING WATER SYSTEM .

1) Three samples from each source..,

'2) Four replicate analyses each by the proposed and approved method.

,

Sources ,.Samples Replicates Methods Total
t.

1 X 3 . X --4 X 2 = 24

4

STAT'ISTICAL PROTOCOL
APPROVAL OF ALTERNATE TEST PROCEDURES

4 -

'1) Calculate basic statistics of mean and standard deviation.

2) Test for outliers.

3)- equency counts and histograni to check distribut n.

4) Co hrans-test for equality among within-sample stand

,F-test for equality of pooled'within-sample variances.

6) T-test for equality. of methoemeans.

rd deviation.

"

.57 A
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UNITEDSTATES ENVIRONMENTAL PROTECTION`AGENCY
\ NA, OFFICE OF RESEARCH AND DEVELOPMENT

,

ENVIRONMENTAL MONITORING AND SUPPORT LABORATORY
CANCINNATI, OHIO 45268

_DATE: September 20, 1978

SUBJEC . Use of "Prepared" Reagents in NPDES Compliance

FROM: Dwight G. Ballinger, Director //
Environmental Monitoring and Suppoet -

11/ori&IX'

LaboratorY-- Cincinnati ,

TO: Regional Quality Assurancg Coordinators

We encourage the use of pre- prepared sofutiOns and standards by sewage_
treatment plant operators and others for their required compliance
monitoring activities,4roviding such solutions have been prepared '

according to the reagents section of the approved_methods cited in the 4
Federal Register of December TT 1976. We would,-however, be opposed to
the use of commercial reagents that are of unknown composition.

In allowing the use of known pre-Rrgpared solutions and standards, we
strongly recommend that the following quality control checks be observed
to insure their validity:

1. Date all solutions upon receipt of shipment; store in separate,
appropriate area, and observe stated shelf life.

2. Verify that solutions and standards are valid by-inittall
checking them against a quality control check sample able
from EMSL through the appropriate Regional QA Coordinator.
These check samples are available for most of the common
measurements required in thNPOES. They are shipped in a
sealed vial as a sample concentrate with the actual compOsition
being-Provided in a separately sealed envelope.

3. Verify that these solutions are stable on a routine basis by
periodically comparing them against a quality control check
sample or a standard from another source.

-cc: Walter-G. Gilbert, Director

National Training &'Operational Technology Center

, .
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RULES AND REGULATIONS

Title 40Protection of Environment months also makes clear that a system
CHAPTER IENVIRONMENTAL may qualify as a public water system

PROTECTION AGENCY even if it Ls not open every day during a

SUBCHAPTER 0WATER PROGRAMS
given

Once "pumonth."public water 'system" has been
IFRL 464-11 defined, it is ne"tssary to define the two

PART 141NATIONAL INTERIM PRIMARY
major types of public water systems

DRINKING WATER REGULATIONS, those serving residents and those serv-
ing transients or intermittent users. The

On March 14, 1915, the Environmental possible health effects of a contaminant
Protection Agency (EP.A) proposed Na- in drinking water in many cases are quite
Donal Interim 1?ri1nary Drinking Water different for a person drinking the water
Regulations pursuant to sections 1412, for a long period of time than for a per-
1414, 1415. and 1450 of the Public Health son drinking the water only briefly or in-
Service Act ("the Act"), as amended by tennittently. Different regulatory con-
the Safe Drinking Water Act ("SDWA," siderations may in some cases apply to
Pub. L. 93-523), 40 FR 11990. EPA held systems which serve residents as opposed
public hearings on the proposed regale- to system? which serve transients or in-
tions in Boston, Chicago, San Francisco, termittent users. Accordingly, § 141.2(e)
and Washington during the month of makes clear that all "public water sys-
April. Several - thousand pages of corn- tents" fall within either the category of
ments on the' proposed regulations were- "community water Systems" or the eater
received and evaluated. In addition, the gory of "non-community water systems."
Agency has received comments and in- To make clear which regulatory require-
'formation on the proposed regulations ments apply to which type of system, the
from the National Drinking Water Ad- category covered is specifically indicated
visory Council, the Secretary of Health, throughout the regulations.
Education, and Welfare. and from num- The proposed regulations defined a
erous others during meetings with repre- "community water system" as "a public,
sentatives of-State agencies, public in- water system which serves a population
terest groups and others. ' of which '70' percent: or greater are resi-

The regulations deal only with the dents." Reliance in the proposed defini-
basic legal requirements. Descriptive' tiod on the percentage of water system
material will be provided in a guidance users who are residents woulckrci;ult in
manual for use by public water systems treating some fairly large resor com-
and the States. mtmities with many year-round residents

The purpose of this preamble to the_ as non-community systems. Thetefore,
final retaliations is to summarize the most the definition of "community water sys-
significant changes made in the proposed tem" has been changed to cover any sys-
regulations as a result .of comments re- tern which serves at least 15 service con-
ceived and the furtfter consideration of nections used by year-round residents or
available information. A more detailed serves at-least 25 year-round residents.
discussion of the comments and of &ALL COMMIJNITY WATER SYSTEMS
changes in the proposed regulations is
attached as Appendix A. Many community water systems in the

country are quite small. Since it is the
WATER SYSTEMS COVERED intention of the Act to provide basically

The Safe Drinking Water Act applies the same level of health protection, to
to each "public water system," which is residents of small communities as to
defined in Section 1401(4) of the Act as residents of large cities, and since a num-
"a system for the provision to the public ber of advar.ced water treatment tech-
of piped water for human consumption, 'niques are Made feasible only by eco-
if such system has at least fifteen service nomies of scale, the cost of compliance
connections or regularly serves at -least with the .requirements of the Act may
twenty-five individuals." Privately owned pose a serious 'problem foroanany small
as well as publicly owned systems are communities, 'The regulations seek to
covered. Service "to the public" Is inter- recognize the financial problems of small
pretedtby EPA to include factories and coMmunities by requiring more realistic

pp 16 -17.)private housing developments, (See gen- monitoring for systems serving fewer
erally, House Report, than 1,000 persons. Variances and ex-

The definition of "public water sys- emotions authorized by the Act can also
teni.. proposed in the interim primary assist in dealing with economic problems
Drinking Water Regulations sought to of small community systems in appropri-
explain the meaning of the statutory ate cases, at least temporarily. EPA will
reference to "regular" service. It was provide technical assistance on effective
proposed to interpret this term as includ- treatment techniques which Can be usedu
trig service for as much as three months by Small systems.

during the year. Because the pro nsed These methods of -dealing with the fi-
definition would have excluded many nancial problems of some small com-_
large campgrounds, lodges, and other munity systems may not be sufficient in

a
public accommodations which serve/ 'peciflc

instances to make compliance
With all applicable regulatory require-large numbers of tourists but which are

open for slightly less than three months ments feasible. EPA is commencing a
each year, the definition in the final ver- study of pOtential prOblems faced by
sion covers systems serving an average of small community systems in meeting sp-

. at least twenty-five Individuals at least plicable requirements under the Act and
60 days out of the year. The use of a these regulations, and, if necessary, will
minimum number of days rather than make additional adjustments in the In-
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teirn Primary Drinking Water Regula-
tions prior to their effective date.

NON-COMMIJNITy SYSTEMS

"Non-comm nits systems" are basic-
ally those sys ms which serve transients.
They include citels, motels, restaurants,
campgrounds, service stations, and- other
public accommodations which have their
own water system and which have at
least 15 ervice connections orI ,, serve
water to daily average of at least 25
persons. , Some schools, factories and
chuicheS are also included in this cate-
gory. It/is conservatively estimated that
there ii.re over 200,000 non,- community
water/systems in the country. However. it
should be recognized that while .their
number is large, they normally are not
the) principal source Of water for the
Pe Ple they serve: .
, The regulations as proposed would

have applied all maximum contaminant
levels to non-community systems as well
as to community systems. This approach
failed to take into account the fact that
the proposed maximum contaminant

, levels for organic chemicals and most in-
organic chemicals Were based on the
potential health effects of long -tern ex-
posure. Those levels are not neces ary
to pr,otect transients" or intermittent
users. Therefore,', the final regulations
provide that maximum contaminant
levels for organic 4 hemicals, and tor in-
organic chemicals other than nitrates,
are not applicable to non-community
systems. An exception was made for ni-
trates because they can have an adverse
health effect on susceptible infants in it,
short period-of time.

Even without monitoring for organic
chemicals or most inorganic chemicals,
in the initial stages of implementation
of the driniting water regulations, mon-
itoring results from terfs of tholisandb of
non-community systems could- over-
whelm laboratory capabilitiei and other
resources. This could delay effective in,.:
plementation of the regulations with re-
spect to the-community systems which
provide the water which American,
'drink every day. To avoid this result,
non-community systems will be given
two years after the effective date of the
regulations to commence monitoring. In
the meantime, non-community systems
which already monitor their water are
encouraged to continue to do so, and the
States are encouraged to take appropri-
ite measures to test or require monitor-
ing for non-community systems that
serve large numbers of people.

Of course, non-community systems
which pose a threat to health should be
dealt' with as quickly as possible. The
maximum contaminant levels applicable
to non-community water iv/sten-it there-
fore will take effect 18 months after pro-
mulgation, at the same time as levels ap-
plicable to community systems. Inspeb-
tion and enforcement authority will ap-
ply to non-community systems at the
same time as to community systems.

SANITARY SIMMS

EPA encourages the States to conduct
sanitary snrveys on a systematic,basls. -
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These on-site inspections-of-water sys-
tems are more effective in assuring safe
water to the public than individual tests
taken in,the absence of sanitary surveys.
The regulations provide that monitor-
ing frequencies for coliform bacteria can
be changed by the entity with primary
enforcement responsibility for an indi-
vidual non-community syStem. and in
certain circumstances for an individual
community system, based on the results
of a sanitary survey:

MAXIMUM CONTAMINANT LEVELS

Numerous comments were received by
EPA on the substances selected for the
establishment of maximum contaminant
levels and on the levels chosen. Congress
anticipated that the initial Interim Pri-
mary Drinking Water Regulations would
be based on the Public Health Service
Standards of 1962, -and this Congres-
sional intent has been followed. Com-
ments received on the various levels did
not contain new data sufficient to re-
quire the establishment of levels, differ-
ent from those contained in the Public
Health Service Standards.

WATER CONSUMPTION

The maximum contaminant levels are
based, directly or indirectly, on an as-
sumed consumption of two liters of water
per day. The same assumption was used
in the 1982 Standards. This assumption
has been challenged because of instances
where much higher water consumption
rates occur. EPA's justification for using
the two-liter figure is that it already
represents an above average water or
water-based fluid intake. Moreover, while

' the factor of safety may 6e somewhat re-
duced when greater tinan,tities of Water
are ingested, the maximum contaminant
levels based ()tithe two-liter figure pro-
vide substantial protection to virtually
all consumers. If, as has been suggested,
a water consumption rate of eight liters_
per day is used as the basis for maxi-
mum 'contaminant level, all of the pro-
posed MCL's would have to be divided by
four, greatly increasing the monitoring
difffculties, and in some cases Challeng-
ing the sensitivity of accepted analytical'
procedures. It could be expected, in such
a case, that the maximum contamiwit
levels would be exceeded to a signifidint
detree, and that specialized treatment
technfflues would be required to order
that the contaminant levels would be re-
duced. The economic impact of a move
in this' direction would be enormous. It
is not technically or economically feasi-
ble to base maximum contaminant levels
on imusually high consumption rates.

SWETT FACTORS*

A question was raised about the fact
that different safety factors are con--
tamed in various maximum contaminant
leVels. The levels are not Intended to
have a uniform safety factor, at least
partly because the knowledge °Pend the

- nature of the health risks of the Various
contaminants vary widely. The levels set
are- the retain of experience, evaluation
of the available data, and professional

RULES AND REGULATIONS

judgment. They have withstood the test
of time and OfprofessionaI review. They
are being subjected to further review by
the National of Sciences in con-
nection with development of data for the
Revised Primary Drinking Water Regu-
lations.

MCL's BASED ON TEMPERATURL

A question was also raised as to
whether ranges of maximum contairii-
nant leveloshould be established on the
basis of the climate in the area served'
by the public water system. as was done
with fluoride. EPA believes that the use
of a temperature scale for fluoride is
more appropriate than for other chemi-
cals because of' time studies available on
the fluoride-temperature relationship
and because there is a small margin with
fluoride between beneficial levels and
lovelethat cause adverse health effects

MCL's DELETED

Three proposed maximum contami-
nant levels have been eliminated in the
final regulations because they are not
justified by the available data. One of
these is carbon chloroform extract
(CCE). which it discussed separately
below. The others are the proposed levels
for the standard bacterial plate count
and cyanide. In the case of the plate
count, it is believed that the coliform
limits contained in the regulations, com-
bined with the turbidity maximum con-
taminant level, adequately deal with
bacterial contamination. However, EPA

_continues to believe that the standard
pate count is a valid indicator of
bacteriological quality of drinking water.
and recommends that it be used in ap-
propriate cases in conjunction with the
coliform tests as an operational tool.

The proposed maximum contaminant
level for cyanide ,was eliminated because
the poSsibility of cyanide contamination

_can ba_effectively addressed only by the
use of emergency action, such as under
SeCtion 1431 of the Act. EPA's 1969 Com-
munity Water Supply Study did not
reveal a single instance in which cyanide
was present in a water system at a level
greater than one-thousandth of the level
at which cyanide is toxic to humans.
- Available data indicate that cyanide

will be present in water systems at toxic
ley& only in the event of an accident,
such as a spill from a barge (collision.
Maximum contaminant levels are not
the appropriate vehicle' for dealing with
such rare, accidental contamination.

-Heptac.hor, heptachlor epoxide
and/chlordane have also been removed
from the list of maximum contaminant
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and sulfates. The National Drinking
Water Advisory Council has recom-
mended that consideration be given to
the monitoring of these constituents but
has not recommended the adoption of
maximum contaminant levels because
available data do not support the adop-
tion of any specific levels. EPA has re-
quested the National Academy of Sci-
ences to include sodium and sulfates
'among the contaminants to be studied
by NAS. and to include information on
the health effects of sodium -and sulfates
in the report to be made by NAS
December 1976.

Since a number of persons suffer from
diseases which are influenced by dietary
sodium intake and Nince there are others
who wish to restrict their sodium in-
take. it is desirable that the sodium con-
tent of drinking water be known. Those
affected can, by know ins thesochum con-
centration in their drinking water, make
adjustments to their diets or. in extreme
cases. seek alternative sources of water
to be used for drinking and food prepai a-
t:on. It is recommended that the States
institute programs for regular monitor-
ing., of the sodium tonte4 of drinking
Water served to the public. and forin-
forming phsicians and consumers of the
sodiuni concentration in drinking water.

A relatively high concentration of sul-
fate in drinking water has little or no
known laxative effect on regular users of
the water, but transcients using such
water sometimes experience a laxative
effect. It is recommended that the States
institute monitoring programs for sul-
fates. and that transjents be notified if
the sulfate content °Nile water is high.
Such notification should include an as-
sessment of the possible physiological
effects of consumption of the water

PCB's AND ASBESTOS

An, interagency comment expressed
concern fpr asbestos and PCB's in the
environment and noted the need for at
least a monitoring requirement, if not
for MCL's, for these conVinants. EPA
is also concerned. but for the moment
lacks sufficient evidence regarding ana-
lytical methods, health effects, or occur-
rence in the environment to establish
MCL's. The Agency ,is conducting re-
search and cooperating in research proj-
ects to develop criteria for establishing
needed limits as quickly as possible. A
monitoring study on a number of organic
chemical contaminants, including PCB's,
for which MCL's are not being estab--
lished at- this time, will be contained in
an organic chemical monitoring regula-
tion that is beinppromulglited with these

levels at least temporarily in ,view of theregulations. Regarding asbestos, HEW
pending cancellation and suspensicin
proceedings under the Federal Insecti-
cide, Fungicide and Rodenticide Act in-
volving those pestiCides. When the re-
sults of these proceedings are available,
EPA will again consider whether maxi- . .

m_mum contaminant levels should be es- Other comments on maximum con -'
tablished for that three Pesticides. taminant levels focused on the proposed

SODIUM AND SULFATES
requirement that such levels be tested

.).1

at the' consumers tap. Concern was ex-
number of comments were received i pressed over the inability of the- public

o the potential health effects of sodium water system to control potential sources

and EPA are sponsoring a number of
studies this year at an approximate cost
of $16 million to establish' health effects.
anayltical methods and occurrence.

POINT OF MEASUREMENT
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of contaminants which are under the
control of the consumer.

The promulgated definition of "maxi-
mum contaminant levet" f 141.2(d). re-
tains the requirement that the maxi-
mum contaminant level be measured at
the tap except in the case of turbidity.
which should be measured at the point
of entry to the distribution system. How-
ever. the definition has been expanded
to make clear that contaminants added
to the water by circumstances under the
control of the consumer are not the re.:
sponsibility of ,the supplier of water.
unless the contaminants result from cor-
rosion of piping and plumbing resulting
from the quality of the water supplied.
It should be noted, however, that this
requirement 'should not be interpreted
as to discourage local, aggressive cross
connection controhnensures.

COLIFORM BACTERIA MCL's

The promulgated MCL's for coliform
bacteria are basically the 1962 Public
Health Service Standards, with minor
refinements and clarifications However.
further changes may be desirable For
example, the MCL's for" the membrane
filter analytical method do not resolve
the question of now many coliform baca
teria, are assumed to be present in a
single" highly contaminated Sample.
Some laboratories assume an upper limit.
of 50, while others seek to continue to
count individual bacteria to a level of
100 or even higher in a single sample.
The upper limit assumed will affect the
monthly average which is calculated to
determine compliance with the MCli's.

Another question relating to the coli-
form %bacteria MCL's is' the matter of
possible spurious positive samples. As the
regulations are written, all routine sam-
ples taken to determine tompliance with
the MCL's must be counted. regardless
of the results of analysis of any check
samples that may be taken. The reason
for this is that bacterial contamination
is often intermittent or transient, andas
a result negative check samples taken a
day or more after a positive sample can-
not defnonstrate that the positive result
was in error. It may be possible, however,
to prescribe a means of dealing with spu-
rious positive results withbut compro,
mising the integrity of the MCL's.

A third question concerning the MCL's
for coliform bacteria is the relationship
of monthly averages of conform bacteria
levels to monthly percentages of positive
samples. For example, the monthly av-
erage MCL for the membrane filter
method is violated if the monthly aver-
age exceeds one Conform bacterium per
sample. However, for purposes of tleter-
mining whether the monthly- percent-
age- of- positive- samples MCL is violated,
a sample is counted as positive only if it
contains more than four coliform bac-
teria. Thus, it is possible, particularly.
when a relatiyely small number of sam-
ples is taken, for a sySterri to fail the
monthly average MCL even when no sin-
gle sample taken during the month is
out of compliance With the limit.

These and other, questions concerning
the coliform baCtiria MCL's will be re-'

ta

vieued further by EPA. If review indi-
cates that changes in the MCL's are
desirable, those changes- will be made as
soon as possible but within 8 months, in
time to take effect at the same time as
the initial Interim Primary Drinking
Water Regulations.

ORGANIC CHEMICALS

The proposed maximum contaminant
levels for organic pesticides, other than
the three width are the subject of can-s
cellation and suspension proceedings,
have been retained. It is anticipated that
additional organic pesticides will be
added to the regulations if surveys of
pesticides in drinking water being con-
ducted by EPA indicate that this is
needed.

The proposed regulations also con-
tained a maximum contaminant level for

-organic chemicals obtained by the carbon
chloroform extract (CCE) methOd. It
was anticipated by Congress that organic
chemicals would be dealt with primarily
in the Revised Primary Drinking Water,
Regulations because of the paucity of ac=,
curate data on the health effects of vari-
ous organic chemicals, the large number.
of such chemicals, uncertainities over ap-
propriate treatment techniques, and the
need fpr additional information on the
incidence- of specific organic chemicals
in drinking water supplies. EPA thought
that the CCE standard might provide an
appropriate, means of dealing with or-
ganic chemicals as a class pending action
on the Revised Primary Regulations.

The CCE standard was originally de-
veloped as .a test for undesirable tastes

' and odors In drinking water. As concern
developed over the health effects of or-
ganic chemicals, the possibility of using
CCE as a health standard rather than
an esthetic standard was considered..

As pointed out by. numerous comments,
CCE has many.ilitlings as an indicator'
of health effects of organic chemicals.
To begin with, the test obtains informa-
tion on only a fraction of the total
amount of organic chemicals in the water
sampled. Furthermore, there is serious
question as to the reliability CCE in
identifying those organic chemicals
which are most' suspected of adierse
health' effects. In addition, there are no
existing data on which a 'specific level
for CCE can be established on a rational
basis. To establish a maximum contami-
nant level under these circumstances
would almost certainly do more harm
than good. It could give a 'false sense of
security to persons served by systems
which are within the established level
and a false sense of alarm to persons
served by systems which exceed the level.
It also would divert resources from
efforts to find more effective ways of
dealing with the organic chemicals
problem.

EPA believes that the intelligent
approach to the organic chemicals ques-
tion is to move Ahead as rapidly as pos-
sible along two fronts. First, EPA is
adopting simultaneously with these reg-
ulations a Subpart E of Part 141, con-
taining requirements for organic chemi-

cal monitoring pursuant to Sections 1445
and 1450 of the Act.

The regulations rebuire that desig-
nated public water systems collect sam-
ples of raw and treated water for submis,
sion to EPA for organics analysis. EPA
will analyze the samples for a number of
broad organic parameters, including car-
bon chloroform extract (CCE), volatile
and non-volatile total organic carbon
(VTOC and NVTOC), total organic chlo-
rine (TOM), ultraviolet absorbency, and
fluorescence. In addition, monitoring will
be required for probably 21 specific or-
ganic compounds. Selection of the spe-
cific compounds has been based on the
occurrence pr likelihood of occurrence in
treated water, toxicity data and availa-
bility of practical analytical 'methods.
Laboratory analyses will be used to
evaluate the extent and nature of organic
chemical contamination of drinking
writer; to evaluate the validity of the
general organic parameters as surrogates
for measures of harmful organic chemi-
cals, and to determine whether there is
an adequate basis for establishing maxi.:
mum contaminant levels for specific or-
ganics or groups of organics.

Second, EPA is embarking on an inten-
sive research program to find answers
to the following four questions:

1. What are the effects of commonly
occurring organic compounds on human
health?

2. What analytical procedures should
be used to monitor finished drinking
water to assure that any Primary Drink-
ing Water Regulations dealing with 'or-
ganics are met?

3. Because some of these organic com-
pounds are formed during water treat-
ment, what changes in treatment prac-
tices are required to minimize the for-
mation of these computinds in treated
water?

4. What treatment technology must
be applied to reduce contaminant levels
.to concentrations that may be specified
in the Primary Drinking Water Regu-
lations?

This research will involve health-
effects and' epidemiological studies, in-
vestigations of analytical methodology,
and pilot plant afid field studies of or- a

genic removal unit pr6cesses. Some'
phases of the research are to be com-
pleted by the end of this year, while.
Much of the remainder are to be com-
pleted within the next calendar year.

As soon as sufficient information is
derived ffoln the monitoring program
and related research, the Interim Pri-
mary Drinking Water Regulations will
be amended so that the organic chemi-
cals problem can be dealt with without
delay. The monitoring process will be
icompleted within 1 year.

During the interim period, while sat-
isfactory MCL's for organic contamina-
tion in drinking water are being devel-
oped, EPA Will act in specific cases where
appropriate to deal- with organic con-
tamination. If the EPA monitoring pro-
gram' reveals serious specific cases of
contafnination, EPA will work with State
and Ickai authorities to identify the
source and nature of the problem and to
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take remedial action. EPA will also aid
the States in identifying additional com-
munity water supplies that require
analysis. ,

,.PUBLIC NOTICE

The public notice requirements pro-
posed in § 141.32 did not distinguish be-.
seen community and non-community

c water systems. They would have
red that public notice of non-com -

pliafice with applicable regulations be
made by newspaper, in water bills, and
by other media for all public water sys-
temS. These requirements are inapprd-
priate and ineffective in the case of most
non-community water systems. Those
systems principally serve transients who
do not receive water bills from the sys-
tem and who probably are not-exposed
significantly to the local media. A more
effective approach would be to require
notice that can inform the transient
before he drinks the system's water, and
thereby both warn the transient and

jarovide an incentive to the supplier of
Water to remedy the violation. Accord-

ingly, Section 141 32 as adopt0 provides
that in the case of non-community sys-
tems. the entity with primary enforce-
ment responsibility shall require that
notice be given in a form and manner
that will insure that the public using
the public water system is adequately
informed.

The proposed public notice require-
ments also failed to distinguish between'
different types of violations of the In-
terim Primary Drinking Water Regula-
tions. Since the urgency and importance
of a notice varies according to the nature"
of the violation involved, § 141.32 as
promulgated seeks to match the type Of
notice required with the type of violation
involved. Written notice accompanying
a water bill or other direct notice by
mail is.required for all violations of the
'regulations, including violations of mon-
itoring requirements,-and for the grant
of a -varianceor exemption. In addition,
notice by newspaper and notification to
radio and television stations is required
whenever a maximum contaminant level
is exceeded, or when the entity with
primary enforcement responsibility re-
quires such broader notice.

(all/LITT -CONTRoL AND TESTING
PROCEDURES

Section '1401(1) of the Act deflnel
"primary, drinking water regulation" to
include'uquality control and testing pro-
cedures." The promulgate&Tegulations
include testing requirements for each
maximum contaminant level, including
check samples and special 'samples in
appropriate cases. The regulations also
specify the procedures to be followed in
analyzing samples for each of the maxi-
mum contaminant levels. These proce-
dures will be updated from time to time
as advances are made in analytical meth-
ods. For example, references to "Stand-
ard Methods for the Examination of
Water and Wastewater" are to the cur-
rent, 13th, edition, but these references
Will be changed to cite the 14th edition
when It is available in the near future.

s
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A key element of quality control for
public water systems, is accurate labora-
tory analysts. Section 141.28 of the regu-
lations provides that analyses conducted
for :the purpose of , determining- com-
pliance with maximum contaminant
levels must be conducted by a laboratory
approved by the entity with primary en-
forcement responsibility. EPA will de-
velop as soon as possible. in cooperation
with the States and other interested
parties, criteria and procedures for lab-
oratory certification. A State with pri-
mary enforcement ' responsibility All
have a laboratory cer nified by EPA pure'
suant to the prescrib criteria and pro-
cedures, and in turn will certify labora-
tories within the State. \

Record - keeping requirements and re-
ports to the State also will assist in
quality control efforts.

RECORD-KEEPING

Adequate record-keeping Is necessary
for the proper operation and administra-
tion of a public water systcm. It is also
important for providing information to
the public, providing appropriate data
for inspection and enforcement activities,
and providing information on which fu-
ture regulations can 'be based Accord-
ingly, a' new §141'.33 has been added to
the regulations to require that each pub-
lic water system maintain records of
sample analyses and of actions to correct
violations of the Primary DrinkineWa ter

.. Regulations. ,
Economic AND COST ANALYSIS

A comprehensive economics study has
been made of the Interim Primary Drink-
ing Water Regulations. This study esti.
mates the costs of the regulations, evalu-
ates the potential economic impact. and
considers possible material and labor
shortages. The results of this analysis are
summarized here.

Total investment costs to community
water systems to achieve compliance
with these regulations are estimated to
be between $1,050 and $1,765 millioh. It
is estimated that non-community sys-
tems will invest an additional $24 million.
The range of the estimate is due ao un-
certainty as to the design flow that will'
be used in installing treatment facilities.
Systems not in compliance will have to
consider sizing their new components to
reflect average daily flow conditipns, or
maximum daily flow-conditions hi cases
where system storage is not adequate.

This investment will be spread oven
several %years. Investor-owned systems
will'bear about one-fourth of these,costs,
and publicly-owned systems the remain-
der. It is not anticipated that systems will
have difficulty financing These capital re-
quirements. .

In annual terms, national costs are ex-
pbcted to be within the following ranges:

in Millions
Capital costs 6146-247,
Operations and maintenance 263-283`
Monitoring (routine only) 17- 35

Total 4426-646

Although these aggregate figures are
large, most water consumers will not be
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significantly affected. For those users in
systems serving 10,600 persons or more,
the average annual treatment cost per
capita may increase from leas than $1.00
for systems requiring disinfection and
lead control,, to between $15 to $35 for
control of turbidity and heavy metal re-
moval. For systems serving less than 100
persons, the average annual per capita
costs of disinfection. lead control and
fluoride/arsenic removal are estimated to
be between $2.10 and $11.80. However, if
turbidity control or heavy metal removal
were required in' a system of this size
then costs are expected to range from
$52 to $237 per year per capita. EPA is
aware of the serious potential economic
impact on users in these small systems.
However. the legislative history specifies
that the regulations should be based on
costs that can be reasonably afforded by
large metropolitan or regional systems.

vither economic evaluation of these
stems is being conducted. and realistic

optidns for these small systems are being
reviewed. Options that will be under con-
sffieration include less costly treatment
technologies, formation of regional sys-
tems: and use of alternative water
sources. Industrial and commercial users,
whether providing their otvn water<or
using public systems, are not expected
to be significantly affected by these
regulations.

Possible constraints to. the implemen-
tation of the interim primary regul
lions, were examined. Although th
will be an increase in demand for
icals. manpower, laboratories,
struction of treatment facilities,
anticipated that any of these f tors w
be a serious obstacle to impl mentation
of these regulations over a reasonable
time frame.

For the reasons given above. Chapter
40 of the Code of Federal Regulations is
hereby amended by the addition of-the
following new Part 141 These regula-
tions will take effect 18 months after
promulgation.
(It is hereby-certified thnt the economic and
inflationary impacts of these regulations
have been carefully evaluated in accordance
with Executive Order 11821)

Dated: December 10. 1975.
RUSSELL E. TRAIN.

Administrator.
Subpart AGenaral

Sec. ,

141.: Applicability.
141.2 Definitions.
141.3 Coverage.
141j Variances and exemptions.
141 Siting requirements.
141.6 Effective date.

eSubpartitaxInium Contambiant Levels,
141.11 MixiMum contaminant levels for

Inorganic chemicals.
141.12 Maximum contaminant levels for

organic chemicals.
141.13 Maximum contaminant levels for

turbidity.
141.14 Maximum microbiological contami-

nant levels.
Subpart CMonitoring and Anarxtkal

Requirements
141.21 'Gerontological contaminant sam-

pling and analytical requirements.
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Sec
141.22 Turbidity sampling and analytical

requirements.
14123 Inorganic chemical sampling and

analytical requirements.
141 24 'Organic chemical sampling and

analytical requirements.
.14127 Alternative analytical techniques.
141.28 Approved laboratories.
14129 Monitoring a consecutive public'

water systems.
-Subpart D-Repetting, rubiic Platification. and

46 Itecerateepeng
141.31 - Reporting requirements.
14122 public notification of varlanees, ex-

emptions. and non - compliance
with regulations.

141.33 Record in(iintensnee.
Atrrtioarrr: Secs. 1412. 1414, 1445, and 1450

of the Public Health Service Act, 88 Stat. leas
(42 U.S.C. 300s-1, 300g-3,-300) -4, and 300J-9).

Subpart A-TG eneral
§ 141.1 Applicability.

This part establishes primary drinking
water reguhttions pursuant to section
1412 of the Public Health Service Act, as
amended by the Safe Drinking Water
Act (Pub. L. 93-5231;'and related regula-
tions applicable to public water systems.
§ 111.2 Definitions.

As used in tins part, the term:
(a) "Act" beans the Public Health

Service Act, as amended by the Safe
Drinking Water Act. P)tb. L. 93-523.

(b) "Contaminant" ineaniany physi-
cal, cheinical, biological, or radiological

. substance or matter in water.
° (cr "Maximum contaminant level"
means the maximum permissible level of
a contaminant in. water which is de-
livered to the free flowing outlet of the
ultimate, user of a public water system,
except in the case of turbidity where the
maximum' permissible 'level- is measured
at the point Of entry to. the distribution
system-. Chntaminants added to the water
undep circumstances controlled by the
user, except those resulting from corro-
sion of piping and plumbing caused by
Water quality, are excluded from this
definition.

(d) "Person", means 'an individual,
corporation, company, association, part-
nership, State, municipality, or Federal
agency.

(e) "Public water system" means a
system for the provision to the public
of piped -water for humantconsumption,
if such system has at least fifteen service
connections or regularly. serves an EtVere
age of at least twenty-five Individuals
daily at least 60 days out of the year.
Such term includes (1) any collection,
treatment, storage, and distribution fa-
cilities under control of the operator of
uch system and used primarily in con-

e Lion with such system, and (2) any
coil Lion or pretreatment storage f Hi-
nes t under such control which re
used p madly in connection
system. A public water apt is e er
a " community water syste
community water system."

(1) "Community water . .tem"
a public water system which se
least 15 service connections used by y
round residents or regularly serves at
least 25 year-round residents.
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(II) "Non-community water system"
means a public water system that is not
a community water system.

(f) "Sanitary -survey" means an on-
site review of the water source, facili-
ties, equipment, operation and mainte-
hance of a public water system for the
purpose of evaluating the adequacy of
such source, facilities, equipment, op"-
eration and maintenance for producing
and distributing safe drinking water.

(g) "Standard sample" means the
aliquot of finished drinking water that is
examined for the presence of coliform
bacteria.

(h) "State" means the agency of the
State government which has Jurisdic-
tion over public water systems. During
any period when a State does not have
primary enforcement .responsibility
pursurtnrto Section 1413of the Act, the
term "Btate" means the Regional Ad-
ministrator, U.S. Environmental Protec-
tion Agency.

(l) "Supplier of water" means any
person who owns or operates a public
water system.'
§ 141.3 Coverage.

this\ part shall apply to each public
water system. unless the public water
system- meets all of the following condi-
tions:

(it) Consists only of distribution and
storage facilities (and does not have any
collection and treatment facilitres);

(b) Obtains all of its water from, but
is not owned or operated by, a public wa-
ter system to which such regulations
apply:

(c) Does not sell water to any person;
and

(d) Is not a carrier Which conveys
passengers in interstate commerce.
§ AEI Variances and exempt

Variances or exemptions from c twin
provisions of these regulations ma e
granted pursuant to Sections 1415
1416 of the Act by the entity with pri-
mary enforcement responsibility. Provi-
sions under Part 142, National Interim
Primary Drinking Water Regulations
Implementation-subpart E (Variances),
and subpart F (Exemptions)-apply
Where EPA has primary enforcement
responsibility.

§ 141.5 Siting requirements.
v.*Before a person may enter into a fi-

nancial commitment for or initiate con-
struction of a new public water system
or increase the capacity qt an existing
public water system, he 811'41 notify the
State and, to the extent practicable,
avoid locatingpart or all of the new or
expanded facility oat a site which:

(a) Is subject to a significant risk
from earthquakes, floods, fires oz other
disasters which could cause a breakdown
of the piblic water system or a portion
'thereof; or

(b) Except for intake structures, is
thin the floodplain of's 100-year flood

or is loweLthan. OW -recorded high tide
where apprOdate records exist.
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The U.S. Environmental Protection
Agency will not seek to override land use
decisions affecting public water systems
siting which are made at the State or lo-
cal government levels.
§ 141.6 Effective date.

4
The regulations set forth in this part-

shall take effect 18 months after the date
of promulgation.
Subpart B=Maximum Contaminant Levels
§ 141.11 Maximum contaminaht levels

Tor inorganic chemicals.
(a) The maximum conttninant level

for nitrate is applicable to both commu-
nity water Systequt and non-community
water systems. The levels for the other
inorganic chemicals apply only to com-
munity water systems. Compliance with
maximum contaminant levels for inor-
ganic chemicals is calculated pursuant to
1141.23.

(b) The following are the maximum
contaminant levels for inorganic chemi-
cals other than fluoride:

Level,
milligrams'

Contaminant per Ater
0.05
1.

t 0.010
0.05
0.05
01002

10.
0.01
0.05

Bari
Cadmi m
Chromium -4
Lead
Mercury
Nitrate (as N)
Selenium
Silver

(c) When the annual average of the
maximum daily air temperatures for the
lobation in which the community water
system is situated is the following, the
Maxinibm contaminant levels for fluoride
are:

Temperature
Degrees

Fahrenheit

Level,
Delirees Celsius miUlcrams

per liter

63.7 and below
63.6 to 58.3
56 4 to 63 8
641.0 to 70.6
70.7 to 79.2
79.3 to 00.5

12.0 and below 2. 4
s. 12.1 to 14.6 2.2

14.7 to 17.6
17:17 to 21.4
21.5 to %.2
26.3 to 32.3

2.0
1.8
1.6
1.4

§ 141.12 Maximum contaminant levels
for organic chemicals.

The following are the maximum con-
taminant levels for organic chemicals.
They apply only to community water
systeMs. Compliance ,,with maximum
contaminant levels for organic chemicals
is calculated pursuant to 1 141.24.

Level,
milligrams

perifier
(a) Chlorinated hydrocarbons:

Endrin (1,2,3,4,10, 10- hexachloro- 0.0002
8,7-epoxy-1,4, 4ft,5,8.7.8,8a-oeta-
hydro..1,4-endo, endo-5,8 - di-
niethano naphthalene) .

Linden. (1,2,3,4,5,11-herachloro- 0.004
cyclohi e, giunqui isomer).

Methllych r 0.1
. 2, - is 1p-me fhoxyphenyil

ethane)
Tos.aphene CJI,C1,-Technical 0.

chlorinated ciunphene, 87-89
Percent thIorine).-----
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(iii) five portions i
A
n more :lhan 20

percent/1g the simples when five or more
samples are examined per month.0.01
/ e) For community or non-community

systems that arrreeuired to sample at a
rate of less Ulm 4 per month, compli-
ance with paragraphs (a), (b)-(1), or
(b) (2) of this section shall be based upon
sampling during a 3 month period, ex-
eeptthat, at the discretion of the State,
compliance may be based upon sampling
during a one-month period.

Subpart C-- Monitoring and Analytical
Requirements

§ 141.21 Microbiological contaminant
sampling and analytical require-
ments.

(a). Suppliers of water for community
water-systems and non-community water
systems shall analyze for coliform bac-
teria for the purpose of determining
compliance with § 141.14. Analyses shall
be conducted in accordance with the an-
alytical xecommendaaions set forth in
"Standard Methods for the Examination
of Water and Wastewater," American
'Public Health Association, 13th Edition.
pp. 662-688, except that a standard sam-
ple size shall be employed. The standard
ample used in the membrane .filter pro-
dure shall be 100 milliliters. The stand-

ard ple used in the 5 tube most
probable umber (MPN) procedure ger-
mentatio tube method) shall be 5 times
the stn dard portion. The standard por-
tion either 10 milliliters or 100 mint-
liters as described in § 141.14 (b) and (c).
The samples shall be taken at points
which are representative of the condi-
tions within the distribution system.

(b) The supplier of water for a com-
munity water systeni shall take coliform
density samples at regular time inter-
Vals, and in number proportionate to the
population served by the system. In no
event shall the frequency be less than as
set forth below:

(b) Cblorbphetuutys:
2,4 - D, (2,4.Dtch1orophenoxyace- 0.1

tle aeld).
2,4.5-TP allies_ (2.4,5-Trfehloro-

phenoxyproplohle acid).

§ 141.13 Maximum contaminant levels
for turbidity.

The maximum contaminant levels for
turbidity are applicable to both commu-
nlirter systems p.nd non-community
*a r systems using surface water
sources in whole or in part. The maxi-
mum contaminant levels for turbidity
in drinking water, measured at a repre-
sentative ntry point(s) to the distribu-
tion system. are:

(a) One turbidity unit (TU), as de-
termined by a monthly average pursuant
to § 14122; ekeept that five or fewer
turbidity units may be allowed if the
supplier. of water can demongtrate to the
State that the higher turbidity does not
do any of the following:

(1) Interfere with disinfection;
(2) Pievent maintenance of an effec-

tive disinfectant agent throughout the
distribution system; or

(3) Interfere with microbiologic
determinations.

(b) Five turbidity units based on an
average for two consecutive days pursu-
ant to §141.22.
§1 42.14 Miodmurn microbiological con.

taminant levels.
The maximum contaminant levels for

conform bacteria, applicable to com-
munity water systems and non-com-
munity water systems, are as follows:

When the membrane filter tech-
.niq pursuant to 141.21(a) is used.
th= number of coliform bacteria shall

t exceed any of the follOwing:
(1) One per 100 milliliters as the,

arithieetic mean of all samples examined
per month pursuant to § 141.21 (b) or
(c) ;

(2) FoUr per 100 milliliters in tore
than one sample when lesethan 20 are
examined per month; or

(3).. Four per g100 milliliters in more
than five percent of the samples; when
20 or more are examined per month.

(b) (1) When the -fermentation tube
Method and 10 milliliter standard Por-
tions pursuant to § 141.21(a) are used,
conform bacteria shall not be present in
smyof the following:. c

(1) More than 10 percent of the por-
tions in any month pursuant to § 141.21
(b) or (c) ; '

(11)s three or more portions in more
than one sample When less then 20 sam-
ples are examined per month: or

OM three or more portions in ore
than five percent of the samples hen
20 or more samples are examined per
month.

'(2) When the fermentation tube
Method and 100 milliliter standa por-
tions pursuant to 1141.21(a) ar used,
conform bacteria shall not-ikrp t in
any of the,following:

(1) more thin 60 percent °Nile
tions in any month pursuant to 1 14
(b) or (c);

(ii) five portions more than one
sample when less than five samples'are
examined per month; or

Population served:
Minimum number of

samples per month
25 to 1,000 1
1,001 to 2,500 2
2,501 to 3,300 3
3,301 to 4,100 4
4,101 to 4,900 6
4,901 to 6,800 6
Lem to 6,700 7
6,701 to 7,600 8
7,601 to 8,500 9
8,501 to 9,400 10
9,401 to 10,300 11
10,301 to 11.100 12
11,161 to 12,000 ,--1, 18
12,001 to 12,900 14
12,901 to 13,700 15
13,701 to 14.690 .r.

s 16
14,601 to 15,500 -) r 17
15,501 to 16,300 IS
16,301 to 17.200 ° 19

'37.201 to 18.100 20
18.101 to 18,900 ' 21

to 19 800 t - 22
19 1 to 20,700

'
23

20, 01 to 21,600. 24
21,501 to 22,300 26
22,301 to 23,200 26
23.201 to 24,000 27
24,001 to 24,900 --as
24,901 to 25,000 29

s 25,001 to 28,000 war 30
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28,001 to 33.000 35
13,001 10.37,000 40
37,001 to 41,605: -46
41.001 to 46.000 50
46.001 to 50,000 55
50,001 to 54.000 60
64,001 to 59.000 65
59.001 to 64.000 70
64,001 to 70.000 75
70,061 to 76,000 80
76.001 to 83.000 85
83,001 to 90,000 90
90,001 to 98,000 95
96.001 to 111,000 100
111,001 to 130.000 P 110
130.001 to 160.000 120
169.001 to 190,000 130
190.001 to 220,000.-....- 140
220,001 to 250.000 160
250.001 to 290.000 160

290.001 to 320.000 170
320,001 to 360.000 180
360,001 to 410,000 190
410.001 to 450.000 200
450,001 to 500.000 '210
600,001 to 550.000 220
550.001 to 600.000
600 001 to 660.000
660.001 to 720.000 250
720,001 to '180.000 260
780.001 to 840.000 270
840.001 to 910.000 280
910.001 to 970,000 290
970.001 to 1.050.000 300
1.050.001 to 1,140,000 310
1.140.001 to 1.230,000 320
1.230,001 to 1.320.000 330
1,320.001 to 1.420.000 340
1,420,001 to 1,520.000 350
1,520,001 to 1,630.090 360
1030.001 to 1.730.000 370
1,730,001 to 1.850,000 390
1,850,001 to 1.970,000 390
1,970.001 to 2.060,000 40.0
2,060,001 to 2,270.000 410
2,270,001 to 2,510,000 420
2,510,001 to 2,750.000
2,750,001 to 3.020,000

430
440 fte

3.020,001 to 3.320.000 '450
3.320.001 to 3,620,000 460
3.620,001 tc 3.960.000 470
3.466,001 to 4,310.000 480
4,310:001 to 4.690,000 490
4,690,001 or more 500

Based on a history of no conform bac-
terial contamination and on a sanitary
survey by the State showing the Water
system to be supplied solely by a pro-
tected ground water source and free of
sanitary defects, a community water sys-
tem serving 25 to 1.000 persons, with
written perinission from the State, may
reduce this sampling frequency except
that in no case shall it be reduced to less
'than one per quarter.

(c) The supplier of water for a non-
community, water system shall sample for
coliform bacteria in each calendar quar-
ter during which the system Provides
water to the public. Such sampling shall
begin within two years after the effective
date of this part. If the State, on the
basis of a sanitary survey, determines
that some other frequency is more appro-
Priate, that frequency shall be the fre-
quency required under these regulations.
Such kequency:eihall be confirmed or
changed on the basis of subsequent
surveys.

(d) (1) When the coliformbacteria in a
single sample exceed four per 100 milli-
liters 141.14(a) ) , at least two consecu-
tive daily check samples shall be collected
and examined from the same sampling
point. Additional check samples shall be
collected daily, or at a frequency estab-
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fished by the State, until the results ob- 0.2 mg/1 free chlorine throughout the § 141.23 inorganic el t bampling
tabled from at least two consecutive public water distribution system. When a and intill)tieal rcljuir et %.

check samples show less than one coli- particular sampling point has been :(a) Analyses for the purpose f de-
form bacterium per 100 milliliters. shown to have a free chlorine residual ter mining compliance with § 141.1 aret2) When conform bacteria occur in leas than 0.2 mg/l, the water at that loca- required as follows:three or more 10ml portiOns of a single tion shall be retested as soon as prac- (1) Analyses for all community watersample (I 141.14(b) (1) ): 'At least two ticable and in any event within one hour. systems utilizing surface water sources
consecutive daily check samples shall be If the original analysis is confirmed, this shall be completed within one year fol-collected and examined from the same fact shall be reported to the State within lowing the effective date of this part.
sampling point. Additional check samples 48 hours. Also, if the analysis is con- These analyses shall be repeated at

*shall be collected daily, or at a frequency firmed, a sample for conform bacterial yearly intervals. .
established by the State, until the results analysis must be collected from, that (2) Analyses for all community waterobtained from at least two consecutive sampling Point as soon as practicable and systems utilizing only ground water
check samples show no positive tubes, preferably within one hour, and the re: sources shall be completed within two

(3) When coliform bacteria occur in all sults oY such analysis reported to the years following the effective date of thisfive of the 100 ml portions of a single State within 48 'hours -after the results part. These analyses shall be repeated
ample (I. 141.14 ( b) (2).) . at least two are known to the supplier of water at three-year intervals.daily check samples shall be collected Analyses for residual chlorine shallAe (3) For non-community water systems,and examintd from the same sampling Made in accordance with "Standard whether supplied by surface or groundpoint. Additional check samples shall be Methods for the Examination of Water
collected daily, or at a frequency estab- and Wastewater," 13th Ed., pp. 129-132. water sources, analyses for nitrate shall

4 fished by the State, until the results ob- Compliance with the maximum con- be completed within two years following

' twined from at least two consecutive R.. II inant levels for coliform bacteria the 'effective date of this part. These
anises shall be repeated at intervals

' check samples show no positive tubes. shah e determined on the monthly mean
(1) The location at which the check or q arterly mean basis specified in determined by the State.

samples were taken pursuant to pare- 4141. 4, including those samples taken (b) If the result Of nn analysis made
graphs (d) (1), (2*. or (3) of this section as a r of failure to maintain the re- pursuant to paragraph (a) indicates that
shall not be eliminated from future sam- quired chloi e residual level. The State the level of any contaminant listed in

§ .141 11 exceeds the maximum contam-piing without approval of the State. The may withdraw is approval of the use of
inant level. the supplier of water shallresults from all conform bacterial analy- chlorine residual substitution at any

time. report to the State within 7 days and c,""acs performed pursuant to this subpart, N, initiate three additional analyses at theexcept those obtained from check sam- § 141.22 Tuilddity Sans plin g and An- same sampling point within one month.
pies and special purpose samples, shall be al) deal- requirements.- (c) When the average of four analysesused to determihe compliance with the (a) Samples shall be taken by suppliers made pursuant to paragra (b) of.-thismaximum contaminannevel for coliform of water for both community water sys- section, rounded to the same number ofbacteria as established in 1 141.14. Check terns and non-community Water systems significant figures as the maximum con-samples shall not be included in calculat- at a representative entry point(s) to the . tammant level for the substance in que8-hig the total number, Of sample4p taken water distribution system at least once tion, exceeds the maximum contaminanteach month to determine compliance per day; for.the purpose of making tur- level, the supplier of water shall notifywith 1 141.21 (b) 9r, (c). ' bidity measurements to determine com- the State pursuant to § 141,31 and give(e) When the 'presence Of conform pliance with § 14113. The measurement, notice to the public pursuant to § 141.32.bacteria In water taken from a particular shall be made by )4.he Nephelometric Monitoring after public notification shallsampling point has been confirmed by Method in accordance with the recom- be at a frequency designated bythe Stateany cheek samples examined as directed mendations set forth in "Standard itleth- and shall continue until the maximumin paragraphs (d) .(1). (2), or (3) of this' ods for the Examination of Water and contaminant level has not been exceeded?. section, the supplier of water shall re- Wastewater,:' American Public Health in two successive sainples or until a mon-port to the State within 48 hours.

(f) When a maxim.nn contaminant Association 13th Edith. pp. 350 -353, or ito-Firig schedule as a condition to a
"Methods for Che car Analysis of variance, exemption or enfprcement ac-, 0 level set forth in paragraphs 'ia). (b) or Water and .Wastes:' pp. 295-298, En? Mon shallij,ecorne effective.

. 0 (c) of 1 141.14 is exceeded, the sualier vironmentaii)Proteotion Agency, Office df (d) The provisions of paragraphs (b)of water shall repprt to the State and ,Technology Transfer, Washington, D.C. a'nd (c)-of this section notwithstanding,
.. notify the public as preicribed in 1 141.31 20480,1974. I' I' . . . compliance with the maximum contam-and 1 141.32, , -' (b) lithe result dfralintidity analysis revel for nitrate shall be determined

(g)- Special'purpose simples, -such as indicates that the makimum allowable-..on the basis of the mean of two analyses.
those tlikerritrt determine whetter dis- limit has been exceeded, the sampling When a-level exceeding the maximum,
infection p ices following pl. place- kna measurement shall,...-ec ,ortirmed by contaminant level for nitrate is found,ment, replacement, br repair have,beentiresamplittc.as-saen-M prate ble and a secandianalysis shall be initiatedithin

. sufficient, shall not'be used to determinksjpre'brably within one hour. If the repeat 24 hours, and if the mean of the two ,compliance with ,§ 141.14 or 1 1401 (b) aample Vonfirms that the maximum al-. anafyies exceeds the maximum cootam-or (c). ' Mwableelimit has been exceeded, the sup: inant level, the, supplier of water shall
(h)- A supplier of water of aT411- p er 'of water shall report to the State repurt his findings to the State pursuant.

munAy, wsber system or a non :eisn- , w n 48 hours. The repeat sample shall. to § 141.31 and shall notify the public
munity was system imadizith the b' the sample used for the purpose of pursuant to 1 141.32.
appf6valof the State and Upon a calculating the monthly average. If the.

pursuant
(e) For the initial analyses requiredsanitary survey, substitu*the use ot "*Ifionthly average of the daily samples' by paragraph (a) (1), (2) or (3) of this'chlorine residualinonitoring for not gliokrts. exceeds the maximum allowable limit, or,

than 7)5 percent 'of the Samples r red if..the avenge of two samples taken on -section, data for surface waters acquired
within one year prior to the effective date

to be ,taken by paragrpph (b)* of this Consecutive days exceeds 5 TU, the suRJ and data for ground waters acquired 4..
section. Provided, ThaT the supplier of oiler of water' shall report to the State. within 3 years prior to the effective datewater takes chlorine, residual samples. a and ,,notify the public as Wrecked, in of this part may be 'substituted at the
points which are rep ntative of the I 141.31 and § 141.32. ' discretion of the State.
contlitlons withi the ffistribUtion ors. (c) Sampling for non-'conimunity If)" Analyites conducted to determinetem it the frequency -10 at,least four-ferwater-systems-shill_begfn .within twee compliance with § 141.11 shall be madeeach substituted micro iologitid sample. years after thkeffectivedate of this part.
There shall be at 10,14 dsil determ$na- (d) Thb,,requirements of this li 141.22 in ..' accordance with the following

tions of chlorine residual-When,the sup- shall r ....1 Z I .:.
raetrIOGS

shwa apply only %al public, water systems (1) Arsenic Atomic Absorption Meth-
er Wier of water exercises the option pro-

vided in this paragraph (h)- of this which use water obletineti in ?,:.fiols or in od, "'Methods for Chemical Analysis of
section; hajihall maitiAirrio less than pert from surface eotfrces. . "Watervand Wastes.v pp. 95-98, Environ-

8 -
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mental Protection Agency, °Mee of
Technology Transfer, Washington.
20460. 1974. u.

(2) Barium-Atomic Absorption Meth-
od, 'Standard Methods for the Exami-
nation of Water and Wastewater," 13th
Edition, pp. 210-215; or "Methods for
Chemical Analysis of Water and Wastes,"
pp. 97-98. Environmental Protection
Agency. Office of Technology Transfus
Washington. D.C. 20460. 1974.

(3) Cadmium-Atdmic Absorption
Method, "Standard Methods for the Ex-
amination of Water and Wastewater."_
13th Edition, pp. 240-215. or "Methods
for ChemiCal Analysis of Water and
Wastes," pp. 101403. Environmental
Protection -Agency, (Mice of Technology
Tzansfer, Washington. D.C. 20460. 1974.

(4) Chromium-Atomic Absorption
Method; "Stancitird Methods for the Ex-
amination of Water, and Wastewater,"
13th Edition, pp. 210-215, or "Methods
for Chemical Analysis of Water and
Wastes," pp. 105-106. Environmental
Protection Agency. Office of Technology
Transfer. Washington. D.C. 20460. 1974.

(5) Lead-Atomic Absorption Method.
"Standard Methods for the Examina-

o . tion of Water and Wastewater," 13th
Edition. pp. 210-215. or "Methods for
Chemical Analysis of Water and Wastes,::
pp. 112-113, Environmental Protection
Agency. Office of Technology Transfer.
Washington, D.C. 20460. 1974.

(6) Mercury-Flaingless Atomic Ab-
sorption Method. "Methods for Chemical
Analysis of Water and Wastes." pp. 118-
126, Environmental Protection. Agency.

- ()Mee of Technology Transfer. Wash-
ington, D.C. 20460, 1974.

(7) Nitrate-Brucine Colorimetric
Method. "Standard Methods for the Ex-
amination of Water and Wastewater."
13th Edition. pp. 461-464, of Cadmium
Reduction Method. "Methods for Chemi-
cal Analysis of Water and Wastes."
pp. 201-206. Environmental Protection
Agency, Oflice_of Technology Transfer,
Washington, D.C. 20460. 1914.

(8) Selenium-Atomic Absorption
Method. "Methbds for Chemical Analysis
of Water and Wastes," p. 145, Environ-
mental Protection Agency. Office of

...Technology Transfer. Washington, D C.
20460. 19.74.

(9) Silver-Atomic AbsOrption Meth-
od, "Standard Methods for the Ex-
amination of Water and Wastewater",
13th Edition, pp. 210,.,215, or "Methods
for Chemical Analysis of Water and
Wages", p. 1f4§1. Environmental Protec-
tion Agency, Office of Techndlogy Trans-

? ter, Washington. D.C. 20460. 197.4.
(11)) Vluoridd-Electrode Method,

"Standaid Methcids for the Examination
of Water and Wastewater", 13th Edition,
pp. 172-174; or "Methods for Chemical
Analysis of Water and Wastes." pp. 65-
67, Environmental Protection Agency.
Office of Technology Transfer. Wash-
ington, D.C. 204 1974. or Colorimetric
Method with Pre Mary Distillation.

. "Standard Methods f the Examination
,,. of Water and Wastewater," 13th Edition,

pp. 171-172 and 174 -176, or "Methods for
Chemical Analysis of Water and
Wastes,". pP. 59-60. gnvIr9nmental Pro-

k
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tectioar Agency, °Mee of Technology
Transfer, Washington, D.C. 20460, 1974.
§ 141.24 'Organic gliemiCal sampling

and analytical requirements,
(a) An analysis of substances for the

purpose of determining compliance with
§ 141.12 shall be made as follows:

(1) For all community watersystems
utilizing surface water sources, analyses
shall be completed within one year fol-
lowing the effective date .of this part.
Samples analyzed shall be collected dur-
ing the period of the year designated by
the State as the period when contami-
nation by pesticides is most likely to
occur. These analyses shall be repeated
at intervals specified by the State but
in no event less frequently than at three
year intervals.

(2) For community water systems
utilizing only ground water sources,
analyses shall be completed by those sys-
tems specified by the State.

(b) If the result of an analysis made
pursuant to paragraph (a) of this sec-
tion indicates that the level of any con-
taminant listed in § 141.12 exceeds the
maximum contaminant level, the sup-
plier of water shall report' to the State
within 7 days and initiate three addi-
tional analyses within one month.

(c) When the average of four analyses
,made pursuant to paragraph -(b) of this
section. rounded to, the same number of
significant figures as the maximum con-
taminant level for the substance in ques-
tion: exceeds the maxiMurn cdntaininant
level, the supplier of water shall report
to the State Vursuant to § 1411.31 and give
notice to the public pursuant to 5,141.32.
Monitoring after public notification shall
be at a frequency jiesighated by'the State
anctshall continue until ,the maximum

oontaminanf level has not been exceeded
in two successive samples or until a
monitoring schedule as a condition to a
variance, exemption or' enforcement ac-s'
tion shall becolne effective.

(d) For the initial analysis required
by paragraph la) (1) and ,(2)- of this

°section, data for surface water acquired
within one year prior to the effective
date of this Part and data for ground
water acqutred*ithin three years prior
to the effective date of this part may be
substituted at the discretion of the State.

(e) Analyses made to determine com-
pliance with § 141.12(a) shall be made
in accordance with "Method for Organo-
chlorine Pesticides in Industrial Efflu-
ents," DADQARL, Environmental Pro-
tection Agency, Cinsannati. (ithiq, Novem-
ber 28. 1973.

(f) Analyeesonade to determine com-
pliance with § 141.12(h) shall be con-
ducted in accordance with "MethOcis for
Chlorinated Phenoxy Acid Herbicides in
Itianstrial Effluents." MDQARL,
vironmental Protection Agency. Cincin-
nati. Ohio, November 28. 1973.
§ 141.27 Alternative inialltical tech-

niques.
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technique may be,employed, An alterna-
tive technique shall be acceptable only
if it is substantially equivalent to the
prescribed test in bath piecisian and ac=
curacy as it relates to the determination
of compliance with any maximum con-
tamiAnant level. The use of the alterna-
tive analytical technique shall not de-
crease the frequency of monitoring re-_
quired by this part.
§ 111,28 Approved laboratories,

For the purpose of determining com-
pliance with § 141.21 through § 141.27.
samples may be considered only if they

4113vc been analyzed by a laboratory ap-
proved by the State except that melts"- --
urements for turbidity and free chlorine
residual niay be perforzed by any per-

With tl e written permission of the
State, concurred in, by the Administra-
tor of the U.S. Efildrorimental'Protec-
thin Agency, an alternative analytical

son acceptable to the State.
§ 111.29 Monitoring of comeeuti...4., nil' hater sySte1114.

When a public water-system supplies
water to one or more other public water.
Systems, the State may modify the moni-
toring requirements imposed by this
part to the extent that, the interconnec-
ion of the sysems jusifles treating them,
as a single system for monitoring pur-
i.ix,es Any modified monitoring *all be
conducted pursuant to a schedulvspeci-
fled by the State and concurred in by..the
Administrator of the U S Envifonmental
Protection Agency. 1

Cubpart D-Repinting, Public 1itifl'eatioo
and Record Keeping

§ 141.31 Reporting requirements._ :t\
(a ) Except where a shorter reporting

period is specified in this part, the
supplier of water shall repokt to the State
within 40 days follow ing,,a test,ineaSure-
ment .01' analysis required to be made by
this part, the resultei.of that test. meas-
urvinent or analyis.

ob) The supplier of water shall report
to the State within 48 hours the failure
to comply with any primary danking
water regulation (including failure to
comply with monitoring requirements*
set forth in this part.

(c) The supplier of water is not re-
quired to report analytical results to the
State in cases where a State laboratory
performs the analysis and reports the
results to the State office which would
normally receive such notification from
the supplier.

§ 11E32 Public notification.
(a) If 'a community water system fulls

to comply with an applicable maximum
contaminant level established in Subpart

13. fails to comply with an applicable
testing procedure established in Subpart
C of this part, is gted a variance or
an exemption from an applicable maxi-
mum contaminant level, fails to comply
with the requirements of any schedule
prescribed pursuant to a variance or ex-
emption, or fails to perform any moni-
toring required pursuant to Section 1445
(al of the Actothe supplier of water shall
notify persons served-by the system of
ehe failure or grant by inclusion di a no-
tice in, the first t of water bills of the
system issued afte e failure or grant

67
T-31

4



19574 _

and in any event by written notice within
three months. Such notice shall be re-
peated at least once every three months
so long as the system's failure continues
or the variance or exemption remains in'
effect. If the system issues water bills less
fre,quently thin quarterly, or does not
issue water bills, the notice shall be made

, by. or'Suppletnented by another form of
'direct mail.

RULES AND REGULATIONS

*need explanation of the significance or
seriousness to the Public health of the

subject of the notice, a fair explanation
'Of steps taken by the paten to correct
any problem and the results of any.addi-
tional sampling,

(f) Notice to the public required by
this section may be.given by the State on
behalf of the supplier of water.

(g) In any instance in which notifica-
tion by mail is required by paragraph (a)
of this section .but notification by news-
paper or to radio or television stati
is not required by paragraph (b) of is
section, the State may, order the su Her
of water to provide notification b news-
paper and to radio and televisio stations
when circumstances make m e inunedi-
Ate or broader notice a ropriate to
protect the public hea
§ 141.33 Rccor

Any owne erator of a elle
watkr syste su ect to the provisions of
this part shat etain On its premises or
at a conve nt location ,near its prem-
ises the owing records:,

(a) ecords pi bacteriological analyses
ma pursuant to this part shall be kept

r not leis than 5 years. Records of
chemical analyses made pursuant to this
part. shall be kept- for not less than 10
years. Actual laboratory reports, may be
kept or data maybe transferred to tab-

° ular summaries, provided that the fol--
lowing information is included:
4(1) The gate, place, and time of sam-

pling. and the name of the persdn who
collected the sample;

(2) Identification of the sample as to
whether it was a routine distribution

(b) If a community water system has
failed to comply with an applicable max-
imum contaminant level, the supplier of
water shall notify the public of such fail-

: ure, in addition to the notification fe-`
Quilted by paragraph (a) of this section,

a as follotirs:
(I) By publication on not less than

three consecutive days in a newspaper or.
newspapers of general circulation in the
area served by the system. Such notice
shall be completed within 'fourteen days
lifter the supplier of water learns of
the failure.

(2) By furnishing a copy of the notice
to the radio an television stations serv-

% ing the area served by the system, Such
notice shall be furnished within seven
days after the supplier of water leerns

'"of the' (entire.
(c% If the area served by a comm

water system is not served by daily
newspaper of general circula n, notift4
cation by newspaper re ed by Pazi-

; graph (b) of this secti shall instead be
.given by publicatio n three consecutive
Weeks in a wee newspaper of general
circulation ing the area. If ncogreekly
or daily pwspaper of general circula-
tion es the area, notice shall be given

-b ting the notice in post offices With -
the area served by the system,
(d) If a non-community water sys-

tem fails to comply with an applicable
maximum contaminant level established
in Subpart R of thrs part falls to comply
with an applicable testing procedure
established in Subpart C of thit part, is
gfanted a variance or an exemption from
an applicable maximum contaminant
level, tails-to comply with the ieeuire-
ment-f any schedule prescribed pursu-
'ant to a variance dr exemption or fails to
perform any monitoring requtred .pursu-
ant to Section 1445(a) of the Act, the
supplier of water shall given notice of
such 'failure or grant to the persons
sieved by the system. The form and man-
ner of such notice shall be prescribed by
the State. ,and shall insure that -the
public.using the system' is, adequately in-
formed of the failure or grant.

(el ;Notices given pursuant to this sec-
tion shall be written in a manner reason-
:ably designed to' inform fully the .users
,tf the system. The notice shall be con-

s spicuous and shall not use unduly tech-
nical len unduly Sinai! ,print' or
other meth hich would frustrate the
purpose of notice. The notice shall
disclose all aterial facts regarding the .
subject including the nature of the prob-,
lem and, when appropriate, a clear Mate-
pent that a primary drinking water 6 r)U
regulation his been violated and any pre-
ventive roes:sures that should be taken by
the public. Where approprtafe; or where
designated by the State, bilingual notice
shall be giVen. Notkei may include a bal. .

7 '324 frb:r.p.t. COUST'ilt; VOL;40, NO. :40tvEDNESDAY, 6:::::RiCEtt 24,
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system sample, check sample, raw or
process water sample or other specie
purpose sample:

(3) Date of analysis; -
(4) Laboratory and person responsible

for performing analysis;
(5) The analytical technique /method

used:. and
(6) The results of the analysis.
(b) Records of action" taken by the

system to correct, violations of primary
drinking water regulations shall be .irept
for a period not less than 3 years after
the last action taken with respect to the
particular vibration involved.

(c) Copies of any written reliorts,
summaries ,oe -communications relating
to sanitary-surveys of the system con-
ducted by the system itself', by a private
consultant, or by any local. State or red-
eral agency, shall be kept for a period
not less than 10 years lifter completion
of the sanitary survey, involved.

(d) Records cenceralng a variance or
exemption granted to the system, shall
be kept for st period ending not less than
5 years following the expiration of such
'variance or exemption,

- :,%;-
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FROM p. 57332:

ENVIRONMENTAL PROTECTION
AGENCY

40 CFR Part 141

(FAL 1535=7)

Interim Primary Drinking Water
Regulations; Amendments

ACENCY: En4ironmental Protection
Agency (EPA).

? ACTION: Final rule. \

EFFECTIVE cum: These amendments to
the regulations will 120 effective August
27.1980 except that sodium monitoring
and reporting, determination of the
types of materials in distribution
systems. and monitoring and reporting
corrosivity characteristics will/be
effective 18-months following the date of
promulgation. The sodium and corrosion
requirements must be completed w
12 months followingthe effective d

7 *.3
4. Amending § 141.14 (a)(1), (b)(1)(i),

(b)(2)(i), and revising (d) to read as
follows:. ,

§141.14 Maximum microbiological
contaminantlevels.

(a),
(1) One per 100 milliliters' as the ,

arithmetic mean of all samples
examined per compliance period
pursuant to § 141.21(b) or (c). except

that, at the primacy Agency's discretion
systems required to take 10 or fewer
samples per month may be authorized to
exclude one positive routine saniple per

, month from the monthly calculation if: #
(41 as approved on a case-by-case basis
theState determines and indidates in
writing lo,the public water system that
no unreasonable risk to health existed
under the conditions of this
modification. This determirfation should
be based upon a number of factors not
limited to the following: (A) the system
provided and had maintained an active
disinfectant residual in the distribution
system, (B) the potential for.,
contamination as indicated by
sanitary survey. and (C) thrhistory-of
the water quality at the public water
system (e.g. MCL or monitoring
violations); (ii) the supplier initiates a
check sample on each of two
consecutive days from the same
sampling point within 24 hours after
notifidation thathe routine sample is
positive, and eacR of these check
samples is negative; and (iii) the original
positive routine sample is reported and

a

recorded by the supplier pursuant-to determinesimd indicates in writing to
§ 141.31(a) and § 141.33(a). The supplier the public water system that no
shall report to the State its compliance* 'unreasonable risk to health existed

under the conditions of t swith the conditions specified in this
paragraph and a summary of the
corrective action taken to resolve the
prior positive sample result. If a positiiie
routine sample is not used for.the
monthly calculation, another routine
sample must be analyzed for compliance
purposes. This provision may be used.:

only once during two consecutive
compliance periods.

(b)(1) *

(i) More than 10 percent of the
portions (tubes) in any one Month
pursuant to § 141.21 (b) or (c) except
that, at the State's discretion, systems
required to take 10 or fewer samples per
month may be authorized to exclude one
positive routine sample resulting in one
or more positive tubes per month from
the monthly calculation if (A) as
approved on a case-by-case basis the
State determines and indicates in
writing to the public water system that
no unreasonable risk to health existed
under the conditions of this
modification. This.determination should
be based upon a number of factdrs rtot
limited to the following; (1) the system
providedand had maintained an active
disinfectant residual in the distribution
system. (2)the potential for
contamination as indicated by a
sanitary survey, and (3)- the-history-of
the water quality at the public water
system (e.g. MCL or monitoring
violations); (B) the supplier initiates a

°check sample on each-of-two
consecutive days from the sampling
point Within 24 hours after notification
that the routine sample is positive, and
each of these check samples is negative;
and (C) the original positive.routine
sample is reported and recordetrby the
supplier pursuant to*rrii.31(a) and
§ 141.33(a). The supplier shall report to
the State its compliance with the
conditions specified in this paragraph
and report the action taken to resolve

, the prior positive sample result. If a
positive routine sample is not used for
the monthly calculation, another routine
sample must be analyzed for compliance
purposes. This provision may be used
only once during two consecutive

. compliance periods.
(b)(2) *

(i) More than 60.4aercenrhf the
portions (tubes) in any month pursuant
to § 141.21 (b) or (c),-except that, State
discretion, systems required to take 10
or fewer samples per month may be
authorized to exclude one positive
routine sample resulting in one or mere
positive lubes per month from the
monthly.calculation if: (A) as approved
on a case-by-case basis the State

69.

modification, This dete ination should
be based upon a numbs of factors hot
limited to the following: (/) the system
provided and had maintained-an active
'disinfectabt residual in the distribution

`,system, (2) the potential for
contamination as indicated by a
sanitary survey ; and (iii) the history of
the, water qualitiat the public water
system (e.g. MCL or monitoring
violations); (B) the suppliel initiates two
consecutive daily check samples from
the same sampling point within 24 hours
afternotification that the routine sample
is positive and each of these check
samples is negative; and (C) the original
positive routine sample is reported and
recorded by the supplier pursuant to
§ 141.31(a) and § 141.33(a). The supplier
shall report to the State its compliance
with the conditions specified in this
paragraph and a summary of the
corrective action taken to resolve the

, prior positive sample result. If a po3itiye
routine sainpleAs not used for the
monthly calculation, anoklier routine
sample must be analyzed for compliance
purposes. This provision may be used
only once during two consecutive
compliance periods.

(d) If an average MCL violation is
- caused by a single sample MCL

violation, then the case shall be treated ,
as one violation with respect to the
public notification requirements of -
§ 141.32. t

8. Amending § 141.21 (a) and (c) to,
read as follows and,adding (i):

§ 141.21 Microbiological Contaminant
sampling and analytical requirement&-

(a) Suppliers of water for communitY:"-
and non-community water systems shall
anal ze or use the services of an
ap oved laboratory for conform
b teria to determine compliance with
§ 141.14. Analyses shall be condticted in
accordance with the analytical
recommendations set forth in "Standard
Methods for the Examination of Water
and Wastewater," American Public
Health Association, 14th Edition,
Method 908A, Paragraphs 1.2 and a
pp. 916-918; Method 908D, Table 908:
p. 923; Method 909A, pp. 928-935, or
"Midrobiological Methods for
Monitoring the Environment, Water and
Wastes," U.S. EPA, Environmental
Monitoring andSupport Laboratory,
Cincinnati, Ohio 45268 EPA-00 /8-78-
017, Decetliioer 1978. Available from
ORD Publications, CERI. U.S. EPA,
Cincinnati, Ohio 45268. Part III, Section

7 -33
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B 1.0 through 2.8.2. pp. 106-1124 2.7
through 2.7.2(c), pp. 112-113;
Section B 4.0 through 4.6.4(c), pp. 114-°
118. except that a standard sample size
shaine employed. The standard sample
used in the membrane filter procedure
shall be 100 milliliters. The standard
sample used in the 5 tube most probable
number (MPN) procedure (fermentation
tube method) shall be 5 times the
standard portion. The standard portion
is either 10 milliliters or 100 milliliters as
described in 141.14 (b) and (c). The

,samples Ths -ill' be taken at points which
are representative of the conditions
within the distributionlystem.

(c) The supplier of water for a non-
community water system shall be
responsible for sampling coliform
bacteria in each-calendar quarter that
the system provides water to the public.
Such sampling shall begin within two
years aper promulgation. The State can
adjust he monitoring frequency on the
basis of a sanitary burvey, the existence
of additional safeguards such as a
protective and enforced well lode, or.
accumulated analytical data. Such
frequency shall be confirrne r
modified on the basis of s iseq ent
surveys or data. The quency hall not
be reduced until non-community
water sys performed at east one
coliform analysis of its drinking water
and shown to be in compliance with
f 141.14.

(i) The State has the authority to
determine compliance or initiate
enforcement action based upon
analytical results or other iliformation
compiled by their sanctioned
representatives and agencies.

9. Amending § 141.22(a) to read as
follows and adding (e):

141.22 Turbidity sampling and analytical
requirements.

(a) Samples Mall be taken by
suppliers of water for both community
and non-community ,water systems at a
representative entry paint(s) to the
water distribution system at least once'
per day, for the purpose of making
turbidity measurements to determine
compliance withl 141.13. If the'State
determines that a reduced sampling
frequency in a non-community system
will not pose a risk to public health. It
can reduce the required sampling
frequency. The option. of reducing the
turbidity frequency shall be permitted
only in those public water systems that
practice disinfection and which
maintain an activp residual disinfectant
in the distribution system, and in thSse

cases where the State has indicated in
writing that no unreasonable risk to
health existed under the circumstances
or this option. The turbidity
measurements shall be-made by the
Nephelometric Method, in accordance
with the recommendations set forth in
"Standard Methods for Eicamination of
Water and Wastewater," American
Public Hialth Association, 14th Edition.
pp. 132-134; or Method 180.1,1-
Nephrometric Method,

(e) The State has the authority to
determine compliance or initiate
enforcement action based upon

-analytical results'or other infOrmation
compiled by. their sanctioned
representatives and agencies.

10. Amending § 141.23(a)(3), adding
(a)(4) and amending (f) (1) through (10)
to read as follows;

§ 141.23 Inorganic chemical sampling and
analytical requirements. ,

(a)
(3) For non-community water systems,

whether supplied by surface or ground
sources, analyses for nitrate shall be
completed by December:24, 1980.these
analyses shall be repeated at intervals
determined by the State.

(4) The State has the authority to
determine compliance or initiate
enforcement action based upon :
analytical results and other information
compiled by their sanctioned
representatives and agencies.

A .0,

(0 :. ;
(1) ArsenicMethod '206.2, Atomic

Absorption Furnace Technique; or
Method 1208.3, or Method P2972-78A,
or Method' 301.A VII, pp-159-162. or
Method 3I-1062778, pp. 61-63, Atomic
AbsorptionGalcous Hydride; or
Method '206.4, or Method 4D-2972-78A.
or Method 1404-A and 4044(4),

"'Methods ofChemical Analysis of W I d
Wastes." EPA Environmental Monitoring and
Support Laboytory. Cincinnati. Ohio 45268 (EPA -
600 /4- 79- 0203. March 1979. Available from ORD
Publications. CERL EPA. Cincinnati. Ohio 45288. For
approved analytical procedures for.metals. the

- technique applicable to total metals mist be used. .
"Standard Methods for the Examination of

Water and Wastewater." 14th Edition. American
Public Health Association. American Water Works
Association. Water Pollution Control Federation.
1976.
'Techniques of Water--Resources investigation

of the Drifted States Geological Survey. Chapter A-
1, "Methods for Determination of inorganic

&Substance. in Water and Fluvial Sediments." Book
Mla1979. Stock *024-001-4317779. Available from

Superintendent of Documents. U.S. Government
Printing Office. Washington. D.C. 20402.

'Annual Book of ASTM Standards part 51
Water, American Society for Testing and Materials.
1970. Rice Street, Philadelphia, Pennsylvania 19103.

7-34
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Spectrophotometric. Silver . ' r
Diethyldithiocarbamate. -..,

(2) BariumMethod 1208.1, or
Method' 301-A IV, pp. 152-155, Atomic
AbsorptionDirect Aspirationv or
Method '208.2. Atomic Absorption

Furnace Technique.
(3) CadmiumMethod ' 213.1,, or

Method 3557-78A or B, or Method *
301-A II or III, pp. 148-152, Atomic
AbsorptionDirect Aspiration; or
Method' 213.2, Atomic Absorption
Furnade Technique.

(4) Chromium Method' 218.1, or
Method D-1687-77D, or Method 1301-
A' II or 1B, pp. 148-152, Atomic
AbsorptionDirect Aspiration; or
ChromiumMethod '218.2, Atomic
Absorption Furnace Technique. j

(5) LeadMethod ' 239.1, or Method
D-3559-78A or B, or Method 2 301-A 11
or III, pp. 148-152, Atomic Absorption
Direct Aspiration; or Method ' 239.2,
Atomic Absorption Furnace Technique.

(6) MercuryMethod ' 245.1,-or
Method 0-3223-79, or Method 2 301-A
VI, pp. 156-159, Manual Cold Vapor
Technique; or Method '2'45.2.
Automated Cold Vapor Technique. ,

(7) NitrateMethod '352.1, or
MethodY4D-992-21, or Method 2419-D,
pp. 427-429, Colorimetric Brucine; or
Method 1353.3, or Method D- 3867 -79B,
or'Method 3419-C. pp. 423-427, .
Spectrometric. Cadmium.Reduction;
Method '353.1, Automated Hydrazine
Reduction; or Method ' 353.2, or
Method D-3867-79A, or Method 2605.
pp. 620-624, Automated Cadmium
Reduction.

(8) SeleniumMethod ' 270.2. Atomic
Absorption Techhique; or Method'
270.3; or Method,' I-1667:78, pp. 237-239,
or Methad, 9-79, or Method 2 301-
A VII, pp. 15 62, Hydride
Generation tomic Absorption
Spectrophotometry.

(9) SilverMethod 1272.1; or Method
- 3W-A II, Atomic Absorrition=threct

Aspiration; or Method ' 272.2, Atomic
Absorption Techniques Furnace

(10) Fluo Electrode Method, or
SPADNS Me d, Method '414 -B and C.
pp. 391 -394, or Method ' 340.1,
"Calorimetric SPADNS with Bellack
Distillation," or Method' 340.2,
"Potentimetric Ion Selective Electrode;"
or ASTM Method 01179-72; or
Colorimetric Method with Preliminary
Distillation, Method '803, Automated
Complexone Method (Alizarin Fluoride
Blue) pp. 614-616; or Automated
Electrode Method, "Fluoride in Water
and Wastewater," Industrial Method

1#380-75WE, Technicon Industrial
Systems, Tarrytown, New York 10591.
February.1976. or "Fluoride in Water

. . '
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and. Wastewater Industrial Method
a129-71W,"Technicon Industrial
Systems, Tarrytown. New York 10591,
December 1972; or Fluoride, Total,
Colorimetic. ZirconiumEriochrome ,

Cyanine R Method L-I-3325-78, pp.
36511. -367m.

Amending §141.24(a)(3), (e) and (f)
to read as follows:

f 141.24 Organic chemical sampling and
analytical requirements.

(a) ,
(3) The State has the authority-6

determine compliance or initiate
enforcement action based upon
analytical results and other information
compiled by their sanctioned
representatives and agencies.

(e) Analysis made to determine
compliance with § 141.12(a) shall be
made in accordance with "Methods for
Organochlorine Pesticides and
Chlorophenoxy Acid Herbicides in
Drinking Water and Raw Source
Water." available from ORD
Publications, CERI, EPA, Cincinnati,
Ohio 45268; or "Organochlorine
Pesticides in Water," 1977 Annual Book
of ASTM Sterds, part 31, Water,
Method D3 or Metnod 509-A, pp.
555-565; or Gas Chromatographic
Methods for Analysis of Organic
Substances in Water.' USGS, Book 5, .

Chapter A-5, pp. 24-39,
(I) Analysis made to determine

compliance with § 141.12(b) shall be
conducted in accordance with "Methods
for Organochlorine Pesticides and
Chlorophenoxy Acid Herbicides in
Drinking Water and Raw Source ,

Water," available from ORD
Publications, CERI. EPA, Cincinnati,
Ohio 45268: or "Chlorinated Phenoxy
Acid Herbicides in Water," 1977 Annual
Book of ASTM Standards. part 31,
Method D3478; or Method 509-B, pp.
555 - 5692;' or Gas Chromatographic
Methods for Analysis of Organic
Substances in Water.' USGS, Book 5,
Chapter A-3, pp. 24-39.

.
10141.25 (Amended]

12. Amending § 141.25 to add (e):
(e) The State has the authority to

determine compliance or initiate
enforcement action based upon
analytical results or other information
compiled by their sanctioned
representatives and agencies.

13. Amending § 141.27(a)toreacl as
follows: AV'

'Techniques of Water--R our4Investigation
of the United States Geologi urvey. Chapter A-
3. -Methods for Analysis of Organic Substances in
Water.- Book 5. 1972. Stock *2401-1227. Available
from Superintendent of Documents. U.S.
Gpvernment Printing Office. Washington. D.C.
20402.

§ 141.27 Alternate analytical techniques.
(a) With the written permission of the

State, concurred in by the Administrator

of the U.S. EPA, an alternate analytical
technique may be emplcyed. An
alternate technique shall be accepted
only if it is substantially equivalent to
the prestribed test in both precision and
accuracy as it relates to the
determination of compliance with any
MCL The use of the alternate analytical
technique shall not decrease the
frequency of monitoring required by this
part.

14. Amending § 141.28 to read as
follows:

§ 141.2e Approved laboratories.
(a) For the purpose of determining

compliance with § 141.21 through
§ 141.27, samples may be considered
only if they have been analyzed by a
laboratory approved by the State except
that measurements for turbidity, free
chlorine residual, temperature and pH
may be perfotped by any person
acceptable-toile State..

(b) Nothing in this Part shall be
construed to preclude the State or any
duly designated representative of the
State from taking samples or from using
the results, from such samples to
determine compliance by a supplier of
water with the applicable requirements
of this Part.

15. Amending § 141.31 (a) and (c) and
adding paragraphs (d) and (e) to read as
follows:

§ 141.31 Reporting requirements.
(a) Except where a shorter period is

specified in this part, the supplier of
water shall report to the State the
result's of any test measurement or
dialysis required by this part within (A)
the first ten days following the month in
which the result is received or (B) the
first ten days following the end of the
required monitoring period as stipulated
by the State, whichever of these is
,4hgrtest.

(dj The water supply system, within
ten days of completion of each public
notification required pursuant to
§ 141.32, shall submit to the State a
representative copy of each type of
notice distributed, published, posted.
and/or made available to the persons
served by the system and/or to the
media.

(e) The water supply system shall
submit to the State within the time
stated in-the request, copies of any
records required to, be maintained under
4 141.33 hereof or copies of any
documents then igt existence which the
State or the Administrator is entitled to
inspect pursuant to the authority of

a. 7,

§ 1445 of the Safe Drinki
the equivalent provisions

16. Amending § 141.32
read as follows:

§ 141.32 Public notIfIcatto

(b)
(3) Except that the requ

this subsection (b) may b
the State if it determines
violation has been correc
after discovery, the cause
violation has been elimin
is no longer a risk to pub'

.

(d) If a non-community
fails to comply with an a
established in Subpart B
fails to comply with an ap
testing procedure establis
C of this part, is granted a
an exemption fro an ap
fails to comply with the r
any schedule prescribed
variance or exemption. or
perfornrimy monitoring r
pursuant to section 1445(a
the supplier of water sha
by continuous posting of s
granting of a variance or
the persons served by The
long as the failure or gran
variance or exemption co
form and manner for such
be prescribed by the State
ensure that the public usin
is adequately informed of
granting of the variance o

17 Amending Subpart E
follows:

g Water Act or
of State law.

b)(3) and (d) to

rements of
waived by

hat the
ed promptly
of the
ted. and there
c health.

ater system
licable MCL

f this part.
licable
ed in Subpart
variance or
licable, MCL,
quirements of

pursuant 'o a
fails to
quirement

of the Act,
ll give notices

ch failure or
ernption to
ystem as

'rig of a
tinues. The
otices shall

and shall
the syStem

he failure or
exemption.
to read,as

Subpart ESpecial Montt
Regulations for Organic
and Otherwise Unregulat
Contaminants

§141.1i Special monitoring

(a) Suppliers of water fo
public water systems shall
analyze one sample per pl
entry point of the distribut
the determination of sodiu
concentration levels; samp
collected and analyzed an

_systems utilizing surface w
in whole or in part, and at east every
three years for systems utilizing solely
ground water sources. The immum
number of samples require to be taken
by the system shall be bas d on the-?;
number of treatment plants used by the
system, except that niultipl wells
drawing raw water from a ingle aquifer
may, with the State approv I. be
considered one treatment ant for
determining the minimum- umber of
samples. The supplier of w ter may be
required by the State,to col ect and
analyze water samples fur odium more

ring
hemicais
d

for sodium.

collet and
coltunity

nt at t rs

on sys em fdr
n
es must be
ually for
ter sources

'
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frequ ntly in locations where the
sodiu content is variable.

(b) e supplier of water shall report
to EPA and/or the State the results of
the ana ses for sodium within the first
10 days f the month following the v
month in Which the sample esult were
received r within the first 1 da
following e end of the require
monitorin period as stipulated by the
State. wh - raver of these is first. If more
than annua sampling is required the
supplier sh report the average sodium
concentratio within 10 days of the
month folio the month in which the
analytical resu is otahtlast sample used
for the annual ge was received.
The a-UP-AO o ater shall not be
required to por the results to EPA
where the tate h s adopted this
regulation and ;vs Its are reported to
the State. The sup ier shall report the
results to EPA whe e the State has not .
adopted this regulat on.

(c) The supplier o water shall notify
appropriate local an State public
health officials of the odium levels by
written notice by dire t mail within
three months. A copy f each notice
required to be provide by.this
paragraph shall be sen to EPA and/or
the State within 10 days of its issuance.
The supplier of water is' of required to
notify appropriate local and State public
health officials of the sodium levels

' where the State provides such notices in
lieu of the supplier.

(d) Analyses for sodium\shall be
.

performed by the flame ph6tometric
method in accordance with he
procedures described in "St ndard
Methods for the Examinatio of Water
and Wastewater." 14th Editi .,pp. 250-
253:.or by Method 273.1, Ato 'c
Absorption-r-Direct Aspiratio or

" c Method 273.2. Atomic Absorpt
`forFurnace. in "Method for

Chemical Analysis of Water an _

Waste." EMSL, Cincinnati, EP 1979: or
by Method D1428-84(a) in Annual Book
of ASTM Standards. part 31, Water,

18. Adding a § 141.42 to read 4
follows:

r141.42 Speciat monitoring for cbrroslyity.
characteristics.

(a) Suppliers of water for community
public water systems shall collect
samples from a representative entry
point to the water diStrgaution system
for the purpose of analysis to determine
the corrosivity characteristics of
water.

(1) The-supplier shall collect two
`samples per plant for analysis for each
plant using surfice water Sources
wholly or in part or more if required by
the State; one during mid-winter and
one during mid-summer The supplier of

the w ter shall c Hest one sample per
plant for analys' for each plant using
grow d water sr ces or more if
requi d by the tate. The minimum
number of sampl s reAred to be taken
by the system ah II be based on the
number of tree nt plants used by the
system. except at multiple wells
drawing raw wa er fronfa single aquifer
may, with the St to approval, be
considered one atment plant for
.determining the !mum number of
samples. .

(2) Determination of the riosivity
characteristics of the water shall include
measurement of pH, calcium hardness.
alkalinity, temperature, total dissolved
solids (total filterable residue). and
calculation of the Langelier Index in
accordance with paragraph (c) below.
The deterrhination of corrosivity
characteristics shall only include one
round of sampling (two samples per
plant for surface water and one sample
per plant for ground water sources).
However, States may require more
frequent monitoring as appropriate. In
addition, States have the discretion to
require, monitoring for additional
parameters which may indicate
corrosivity characteristics. such as
sulfates and chlorides. In certain cases,
the Aggressive Index, astdescribed in
paragraph (c), can be used instead of the
Langelier Index; the supplier shall
request in writing to the State and the
State will make this determination.

(b) The supplier of water shall report
to EPA and/or the State the results of
the analyses for the corrosivity
characteristics within the first 10 days of
the month following the montki in which
the sample results were received. U
more frequent sampling is required by
the State, the supplier can accumulate
the data and shall report each value
within 10 days of the month following
the month In which the analytical results
of the hitt sample was received. The
supplier of water shall not be required
to report the results to EPA where the
State has adopted this regulation and
results are reported to the State.

(c) Analyses conducted to determine
the corrosivity of the wateshall be
made iwaccordance to the following
methods:

(1) Langelier Index"Standard
Methods for the Examination of Water'
and Wastewater." 14th Edition. Method
203, pp. 61-83. ,

(2) Aggressive Index="AWWA
Standard for Asbestos-Cement Pipe, 4
in. through 24 in. for Water and Other

'Liquids." AWWA C400-77.Rbvision of
C400-75. AWWA, Denver. Colorado.

(3) Total Filtrable Residue"Standard
Methods tel. the Examination of Water
and Wastewater." 14th Edition. Method,

7-36

208B. pp. 92-93; or "Methods for
Chemical Analysis of Water and
Wastes." Method 160.1.

(4) Temperature"Standard Methods
dpvrf the Examination of Water and

aitewater," 14th Edition. Method 212:
. 125-128.
(5) Calcium hardnessEDTA , -

Titrimetric Method "Standard Melhods
for the Examination of Water and
Wastewater," 14th Edition, Method
309B. pp. 202-206; or "Annual Book of
ASTM Standards,".Method D1126=87
(8) -

(6) AlkalinityMethyl Orange and
paint pH 4.5. "Standard Methods for the
Examination of Water and
Wastewater." 14th Edition. Method 403.
pp. 278-281: or "Annual Book of ASTM
Standards," Method D1067-70B; or
"Methods for Chemical Analysis of
Water and Wastes?' Method 310.1.

(7) pH"Standard Methods for the
Examination of Water and
Wastewater." 14th Edition. Method.424,
pp. 460-465: or "Methods for Chemical
Analysis of Water and Wastes?' Methoc
150.1: or "Annual Book of ASTM -%
Standards," Method D129378 A or B.

(8) ChloridePotentiometric Method
"Standard Methods for the Examination
of Water and Wastewater," 14th
Edition. p. 308.

(9) SulfateTurbidimetric Method,
"Methods for Chemical Analysis of
Water and Wastes," pp. 277-278. EPA.
Office of Technology Transfer.
Washington. D.C. 204010. 1974. or
"Standard Methods for the Examination
of Water and Wastewater." 13th
Edition, pp. 334-335. 14th Edition, pp.
495 -498.

(d) Community water supply systems
shall Identify whether the following.
construction materials are present in
their distribution system and .eport to
the State:

Lead from piping. solder, caulking,
interior lining of distribution mains,
alloys and home plumbing.

1 Copper from piping and alloys,
service lines, and honie plumbing.

Galvanized piping, service lines,
and home plumbing.

Ferrous piping materials such as
cast iron and steel. *

Asbestos cement pipe.
In addition, States may require
identification and reporting of other
materials of construction present in
distribution systems that may contribute
contaminants:to the drinking water;
such as:

Vinyl lined asbestos cement pipe.
Coal tar lined pipes and tanks.

Appondix AResponse 4Public Comments
Comments submitted to the Agency and

statements presented at thi public hearing ;n

4



GUIDELINES FOR
.INSTRUCTIONAL PACKAGE WORKSHEET

I. SUBJECT (MATTER: Chlorine Determinations and Turbidity

II. UNIT OF INSTRUCTION: Summary of Topic Presentation

/

III. ESTIMATED TIME: 75 minutes

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: The participant may be
responsible for this determination to meet Water Quality Control Program
requirements.

V. ENTRY LEVEL BEHAVIOR:

A. None required.

VI: INSTRUCTIONAL OBJECTIVE:

A. Terminal Behavior: The participant will hearn about chlorination pro-
ducts and terminology, and the chemistry involved in chlorine determina-
tiont by iodometric analyses and DPD methodology.- The participant will
know pertinent facts about turbidity and procedures to determine turbtd-
ity.

B. Conditions: The participant will,be given two outlines: :Residual
Chlorine-and Turbidity (manual) and Chlorine Determinations and
Their Interpretation (handout) and 75 minutes of classroom presenta-
tion.

C. Accepted Performance: In attendance to the lecture covering subject
material.

VTI:--INSTRUCTIONAL RESOURCEk

A. Available Media:

1. Amperombtric.Determination of Total Residual Chlorine
(14th edition'Standard Methods, page 318.)

2. Calibration and Use of a Turbidimeter Plephelometer)
(1974 EPA Methods for Chemipl..AnalYsis, p. 295)

3. Training Manual Outline: Chlorine Determinations and Turbidity

4: Handout Trainilig-Outline.: Chlorinationlind Chlorine,Determinations

5. Thirty-six slides, X-21:t Chlorine (See XI. Description of Visual
Materials).

6. Ten slides, X-30: Turbidity (See XI Description of Visual
Materials). ,-

B. Suggested Media:

1. None

CH.TOB.ipw.1a:11.80
-'
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VIII. INSTRUCTIONAL APPROACH:

A. Preparation for Instruction; t.

1, Review availtble media andvisual materials and prepare lesson.

.,.B. Sequencing:

Slides are series X-21: Chlorine

Participants should use the Training Outline, "Chlorination and
Chlorine Determinations" as a reference for this information.

1. Classroom instruction on chlorination, using slides to discuss
the first 3 Sections of the outline in the training,manual.

a. Introduction about bactericidal use of chlorine - slide 1

b. Means_of chlorination - glide 2

c. Effects of applying chlorinp gas - slide 3, 4

d. Effects of applying calcium hypochloride - slide 5, 6

e.. Ammonia-reactions with hypochlirous'acid produce
chloramines - slide 7, 8

f. Side reactions reduce availability of chlorine for
disinfecting-purposes - slide 9

_ g Chlorination products that have disinfection powers - slide 10 -,

h. Stress the meaning of the terms related to chlorine residuals
slide 11, 12, 13

i. Factors affecting disinfection - slide 14

J..' It is convenient to use a blank side (15) here.

2. Classroom overview of recognized chlor pe determinations, using
headings in manual sections on "Iodometric Analyses"
and "DPD Methodology", then the summary of "Compliance
Methodology". mt .

3. Classroom instruction on the chemistry"invOlved in direct
iodometric titrations to determine free, combined or 7c571
chlorine. This series of slides presents facts about the
chemistry of the method with pictures of an analyst doing
each step using an amperoletric titrator. Presentation

- of the direct method gives an opportunity to teach the
chemistry involved and also to re-enforce mastery of the
meaning of: the terms "free", "combined".and "total" residual
chlorine. However, for wastewaters the indirect'or back titration
is to be used. If participants will roullifilranalyze waste-

,
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water, you can still use these slides to teach the chemistry
involved and the .meaning of the above terms, but 'spend more
time'on the actual steps to,,db,a. back titration (next topic).

a. Types of chlorine - slide 16

b. Role of phenylirsin oxide - slide 17

c. Picture of, titration equipment - slide 18
--'

d. pH for types - slide 19

e. Principle for free chlorine - slide 20

f. 1 ml pH 7. buffer has beeri 'added and eurrent.flows,
pointer to right -

g. PAO reducei, current reduced slide 22

"--

11. Adjust pointer to right - slide 23

i. More PAO,cuiTent redUced - slide 24

j. Needle stops; take reading - slide 25

k. ,More PAO. When needle stays stopped, ti's end: (slide 26
is same as slide 25 to show 'needle staying same) - slide 26

40. 1., 0.-00564N PAO related to chlorine for a 200 ml sample - slide 27

m. PAO related to free chlorine at pH 6,5 - 7.5 = slide 28 .."

n. Combined chlorine may be present - slide 29

o. Utilize chlorine - iodide reaction - slide 30,

--:p. ,flNeed pH 4 and potassium iodide - slide 31

. q. CombindchlorineIftleases iodine -; slide 32

-4,

,r: Add KI solution (crystals may be used:instead-of solUtion)- slide 33
,

s. Add pH 4 buffer - slide 34

t. Repeat titration procedure .as for free chorine; when needle .

stays at onuolace, it is the end point slide 35

u. Add results for free and for combined,chlorine to give total.
Streis: can do total in one step by addinKI and pH 4 buffer
directly to sample - slide 36

75 I
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4. Classroom instruction on indirect (back - titration)' iodometric
procedures to determine total chlorine.

a. Reason for indirect

b. Same principles as direct method. Stress additional step
using iodine titrant and end'potnt signal is, reversed.

5. Classroom instruction on DPD Method

a. Chemistry involved to pioduce color

b. Titration method, stressing end point signal

c. Spectropllotometric method

6. Summary of methodology recognized for compliance monitoring

Series X30: Turbidity
;

I. Classroom instruction on Turbidity:

a. Slid0X30-1: Cause

b. Slide X30-2: Wii2measure turbidity

c.. Slide X30-3: Holding Time for samples

d.. Slide X30-4: History of Measurement

Regulations - NPDES and Water Supply

3. Acceptable instrumentation- 4

a. Slides.X30-5to X30-6: Nephelometry

b. Slides 'X30 -7 to X30-9: Formazin Standards

Slide X30-10: Interferences

4. Summary

IX. IPW EQUIPMENT AND SUPPLY. REQUIREMENTS:

A. Classroom Equipment and Supplies

I. Slide projector and supplies

2. Blackboard and chalk

X. IPW REAGENT REQUIREMENTS:

° A. None required

8-4
76
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, ESCRIPTION OF VISUAL MATERIALS:

A. Series X-21: Chlorine. (36 slides)

1. Slide X21-1: Cartoon -type of draviing showing ftant operator
diseasElorganisms with delorine

,

. 2. Slide X21-2: Mean of Chlorination - Chlorine gas, Chlorine
gas dissolved in water and Calcium hypoR4lorite

3. Slide X2173: Effects of Chlorination -'Chlorine gas, Chlorine
gas,dissoTved in water-*pH,Decrease

4. Slide ProdOcts,of Cl2:Clo H+ Hydrogen ion,,
Chloride ion, `'HOC1 hypochlorous acid + OC1

. Slide X21 -5: 'Effe of Chlorination - Calcium hypochlorite
pH Incre se

i.6. 'Slide: 321=6: Produc of Ca(0c1)1: Ca,
+2

calcium ion,
OH-4.hy oxide ion and HOC1 hypochlorous acid

H + Cl-

7.. Slide

8. Slide

9. Slide

10. Slide

11. Slide

12. Slide

13. 'Slide

Slide

15. Slide

16. Slide

17. Slide

18. Slide

19. Slide

X21-7: Ammonia

X21-8: Ammonia Reaction% with-bypochlorite ibn -
Monbchloramines, Dichloramines, and Trichloramines

X21 -9: Demand from side reactions

X21-10: Disinfection - Monochloramines, Dichloramines,
and hypochlorite ion .r

X21-11: Free Chlorine residuals - Chlorine, HYpochlorous acid,
, and Hypochiorite ion

X21-12: Combined Chlorine '-tChloramines

X21-11: Total residual chlorine = free chlorine-residual +
combined chlorine residual

X21-14: Disinfecting power- Concentration and Contact time

X21-15: Blank Slide -War

X21-16:-,Free Chlorine - + Combined Chlorine - MG/1
ijotal.Reiidual Chlorine

X21-17:iReducing Agent /Phenylarsene Oxide

X21-18: Live elf Titration Assembly I

.

X21-19: Two Stage Titration - (1) pH 7-Free Chlorine'Residual
(2) pH 4 Combined Chlorine Residual

7

1

3
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20. Slide X21-20:' Currept Produced/Mportional to Free Chlorine,rresent
,

21. Slide X21-21: Live of Adding Titrant, Pointer to Right

22. Slide X21-22::Live ofAdding-Titrant, Current Reduced

*23. Slide X21-23: Live of Adjusting Pointer to right on scale

24. Slide X21-24: Live of Adding More Titrant

25. Slide X21-25: Live of Pointer at Rest

26.- Slide X21-26; Live ofPointer Staying at Rest ..

27; Slide X21-27: 1 ml,Phenylarsene Oxide = 1 mg/1 of Chloririe

28. 6Yide X21-28: Phenylarsene Oxide reacts with Free Chlorine Only

29. Slide X21-29: Free Chlorine/Combinad'alorine

30. Slide X21-30: Starch - Iodide Method

_Chlorine Okidizes Iodide to Produce Free 0-Iodine ,

31. Slide 21 -31.: Combined Chlorine Determination

,) .PH 4d Addition of Potassium Iodide
.

.an,

. 32. ,Slide.X21-32.: Combined Chlorine Compoub4\
Oxidize Iodide .Free Iodine ,A

33. Slide X21153: Live of Adding SI olution'

34. Slide_X2_1,34:_Live_of_Adding_pH 4 Buffer

35, Slide X21-35: Live of Repeating Titration Process

36. Slide X21-36: Free Chlorine - mg/1 + Combined Chlorine - mg/1
--a-Total Residual Chlorine

. Series X-30:' Turbidity (10 slides)

1. Slide X30-1: What is Turbidity - Caused by clay-silt-Plnkton-other
organic and_inorganic material and is an optical .-

property -*size, shape, specific gravity, number.of
particles

2. Slide X30-2: Why Measure Turbidity - can prevent proper disinfecttbn
practice, persons objectto waters with turbidity, can

strial processes and equipment and4
monitor plant operations an er-bre ouch

3. Slide X30-3: Preservation of Turbidity Samples - Must.be run as soon
as posiible - within one hour



O

)

0

Slide X30-4i Drawing: Jackson Candle Turbidimeter
,

5. Slide X30-5: Drawing: Nephelometer Light Path

6: tilde X30-6:' Drawing:' NephelometerSecondary Light-Path

7. Slide' X30 -7: Formazin Polymer - Use - Solution 1. Hydrazirie Sulfate
1.000 gram/100 ml. turbidity free water.
'Solution 2:Hexamethylene tetramine 10.00 gram/100,ml

-, turbidity free water

8, Slide X30-8: Formazin PolyRer - Solution 3 - Add 5.0 ml of solution 1
and 5.0 ml.of soluti n 2 into a 100 ml vOlumetric flask.'
Allo4to'striad 24 hou sat 25 toa°c1 Then dilute.to 100

. Y ml mark With turbidit free water: Lontains 400 NTU
syspensiori. -.

9. Slide X30-4: Turbidity Free Water - 1. FiTter distilled water through
membrane filter having pore size < 100 um.
2. Check turbidity of nonfilt red water and filtered
water. If filtered water d not have less, turbidity
use distilled.

10. Slide X30 -10 Interferences - Rapid Settling Coarse Sediments,
Floatirig Debris, Air Bubbles, Color, Dirty or

, Scratched Sample Tubes

%

Cl Determinations and Their Interpretation -PC.11d.11.77
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CHLORINE DETERMINATIONS AND THEIR INTERPRETATION

I INTRODUCTION .

Chlorine normally is applied to watery as a
bactericidal agent; it reacts with water Con-
taminants to ibrm a variety of prOducts
containing chthrine. The difference between,
applied and residual chlorine 'represents thee .
chlorine demand of th4 water under conditions
specified. Witstewater chlorination dsparti-

. culswly diffic It because the concentration of
organisms, an components ,susceRtible to
interaction w h chlorine are high and variable.
Interferenceswith the 411eorine'determination
it wastewater confuse inferpretatiowith ,
respect to the chlorine residual at a given
time and condition, its bactericidal potency,

. or.its future 1;:ehavior.

II CHEMISTFlYOF CHbORINATION

A Chlorine compoundiL(C11) dissolve in water,
and hydrolyze immediately according to the
reiktioq. 4

CI OC1 +

The produ is of this reaction are hypo-
. chlorous d hydrochloric acid. The

'reaction it reversible, .butat pH values
above 3.0 d concentrations of chlorine
belt:54100 mg/1 tpe shift is predominantly
to the rig t.leading to hypochlorous acid
(HOC1). '

>

Hypochlarous ac id .4s sa weak acid and con-
sequently ionizes in Water according to the
equation: (

H OC1"
t

tiff?

This reaction is reversible. At a pH value
of 5.0 or below almost all of the chlorine
is present as hypochlorous acid (HOC1)
whereas above pH 10.0 nearly all of it

exists as hypochlorite ion (0C1-). The pH
value that will control is the pH value

.- reached after the addition of chlorine.
Chlorine addition tends to lower the pH

-and the addition of alkali hypochlorites
tends to raise the pH.

B -The initial ieactions on adding chlorine to
,Imastewaters may be assumed to be funda-

a°Mentally the same as when 6hlorine is
added to water except for the addition*
complications due to contaminants and
their concentration.

Hypochlorous acid (HOC1) reacts with
ammonia and with many other complex
derivatives of ammonia to produce com-
Pounds,known as chloramines. Formation
of the simple ammonia chloramines includes:

1 NH3'+ HOCI NH2C1 + H2O

monochloramine

2 NH2C1 + HOCI--NHC12 + H2O

A;

dichloramine

3 NH2Cl +NHC1 N22
+ 3 HCI

The distribution of the ammonia chloramines
is dependent on pH, as illustrated below:

ph
Percentage of Chlorine Preseht as
Monochloramine Dichlor amine

5 16 84

6 38 62

7 65 .35

8 85

9 94 6

80



'yr

Chlorine Determinations and Their Interpretation
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The formation oLthe ammonia chloramines
are dependent on pH, temperature, and
chlorine-ammonia ratio. Chlorine re-
actions with amino acids are likely;

uf-eproduct disi cting powers are lower
than those of c)chorine or of ammonia
chloramines. .......,

III TERMINOLOGY,

0

'
A Terms used with Respect to Application

Site

1 Pre-chlorination - chlorine added
prior to any other- treatment.

2 Rost-chlorination ;chlorine added
after other treatment.

3 Split chlorination - chlorine added at
different points in the plant - may
include pre- and post-chlorination.

B Terms Used in Designating Chlorine
Fractions 't

.
1 Free available residual chlorine - the

residual chlorine present as hypo-
chlOrous acid and hypochro-rite ion.

2 Combined available residual chlorine
the, residual chlorine present as
chloramines and organic chlorine con-
taining compounds.

3 Total available residual chlorine - the
free available residual chlorine + the
combined giailible resf&ial chlorine--

-may represent total amount of chlorine
residual present without regard to type.

In ordinary usage these terms are
shortened to free residual chlorine,
combined residual chlorine and total
residual chlorine. In the chlorination

ed residual
'and is ,.*

of wastewaters only co
chlorine is ordinaril
often improperly-t ed c
residual.

C Breakpoint chlorination specifically-refers
to the ammonia-chlorine reaction where
applied chlorine hydrolyzes and reacts to -

rm chloramjnes and HC1 With the

3

GR

chloramines eventually forming N2 + HCl
as in II. B. 3. Assuming no other chlorine
demand, the total chlorine residual will
rise, decrease to zero and rise again with
increasing increments of applied chlorine.
Other substances may produce humps in
the applied chlorine vs residual chlorine
plot due to oxidation of materials other.
than ammonia. Sometimes these are
erroneously considered as a breakpoint.

IV IODOMETRIC TITRA3'ION ANALYSES"' 2)

lodometric titration using either an '
amperometric or a starch-iodine
end point deterrnihe's chlorine residual.
The relative advantages of a specific
determination depend upon the form in which
the reactable chlorine exists and the amount
and nature of interferences in the water.

A Amperometric Titration - Direct Method

1 Scope and application.

This method is applicable to the.
deterMination of free, combined or
total iesidual cklorine in all types of
water:4nd wastgwaters that do not.
contain substantial amounts of organic
matter.

*

2 Summary of 1Viethod

When the %cell of the titrator is immersed
in a sample at pH 7.0,, the cell unit pro-
duces a Small direct current if free
chlorine '(an oxidizing-agent) is present.
As phenylars ine oxide (PAO) solution
is added, \it reducesthe free chlorine.
When all the chlorine is neutnalitedb the
generation of current ceases. At this
end point, nthe microammeter pointer on
the apparatus no lOnger deflects
down-scale.

To determine combined chlorine,-,TH 4.0
buffer and potassium iodide are then-

, added t6 the sample. Free iodine
released by the combined chIorinealso
causes the cell to erodude a small direct
current. Additiotof PAO reduces the
free iodine and the generation of current

./ ceases. Again, the end point occurs

0
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;.
.'when the Inicro'ammeter-vointer no

longer deflects down - scale.

In either titration, the amount of
_ reducinkagentusedipsreach the end

point_is .ultibiately_stoichiometrically _
proportional to chlorine present in the
simple. Theoum of the free and
combined chlorine is the total residual
chlorine in the sample;

Total residual chlorine can be deter-
mined directly by adding pH 4;0 buffer
and potassium iodide to the saniple
before beginning the titration. Any
free or -combined chlorine present will
stoichiometrically liberate free iodine
which is then reduced with PAD
titrant. The amount of PAO titrantt
used measures the total amount of tiee
and `combined chlorine originallx
present in the sample.

3 Interferences 1*.
.

a Organic matter reacts with liberated
L

.

b Cupric ions may-cause erratic .
behavior of the apparatus.

c CUprous and silver ions, tend to -
n the electrode by platidg out

on it. #1

B Amperometric Titration - Indjsedt Method
le

. .-1 -Scorie and Application
*

This method-is applicable tothe
determination of total; residual
in all typetof water.' wastewaters.
In contrast tdthe direct imperbmetric

:titration, thid backtitraliOn procedure
m es interferences in waters

"'containing-substantial amounts of
organic matter; '

2 Summary of Method'

stratile is treated withnfessured
. excesi of standard phenylarsine oxide

(PAO) 111 olution follOwed.by addition

Chlorine Determinations and Their Interpretation

-r

. -

.

inimiz

A

potasSiUMT6dide arid st-bUffer-to
maintain thagil?etween 3.5 add 4.2.

;
.

840-. r

A

1

t.

Any form of chlorine present will
stoichiometrically liberate iodine
which immediately reacts with the
PAO before siknificant amounts are
lost to reactions with orgatqc matter

_in.the sample.. _ _ _ _ _ _ _

When the cell of Ihe'imperometric
titrator is, immersed in a sample so
treated, no current is generated since
neither free chlorine nor free iodine
is present.

The amount of PAO used to reduce the
liberated iodine is then determined by
titrating the excess with a standard
iodine solution. No current is generated
until all the excess PAO has been
oxidized by the iodine. At this end
point the next small addition of iodine
causes current to belenerated and the
m.Icroammeter pointer permanently
deflecte up-scale.

The excess PAO thus measured is
e

subtracted from the Original amount
of PAD aiided.- -The difference is the
PAO used to reduce the liberated iodine
and'is ultirriatelyea measui:e of the total
chlorine originaltS, present in the satnple.

NOTE:.bodium thiosulfate solution ma;
used instead'ot PAO, but PAO is

more stable and isiV be preferred.'

3- Interferences

#,

Cupric ions may cause erratic
ehavfor ofthe apparatus.

prous and silVer ions tend to
poison- file etectrode by plating Out
on it.

dte
C COUriMetrig Starch-Iodide Titration -

'7%- e
Indirect Method 7

I Scope ap,d'AppliCation

This method's p the
determinationof total chlorine residual

types.of water and-waste_
A back-titration :Ootedurs used to

interferences!in waters con-
taining suipstantiat amounts otOrginic

s matter.' .

40.

82: ; #
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Chlorine Determinations and Their Interpretation

2 Summary of Method

A sample is treated With a measured
excess of standard phenylarsine oxide
(PAO) solution followed by addition
of potassium iodide and a buffer to

imainrain_the pH between 3: wand '4. 2._
Arirforriiof chlorine present will
aloichiometrically liberate iodine
which im diately reacts with PAO
before s ni icant amounts are lost to
reactions ith organic matter in the
sample.

b

D Evaluation of Iodometric Analyses

Iodometric titration utqng amperometric
end point detection appears to be the more
accurate residual:chlorine method
Besides being inherently more accurate than
color detection methods, this electrical end
point is free of intprference from ---color '
and turbidity.

The accuracy of the colorimetric starch-
iodide end point is improved by employing
the indirect titration method described
above. By adding an excess of.the standard
reducing agent and back-titrating, contact
between the liberated iodine and organic
matter in the sample is minimized.

The amount of PAO used to reduce the
liberated iodine is then determined by
titkating the excess with a.standard
iodine solution in the presence of starch
until the PAO is completely oxidized.
At this end point, the next smalloadnixon
of iodine causes a faint blue color to V
persist in the sample.

The excess PAO thus measured is .

subtracted fromthe original amount
. of PAO added. The difference is the

PAO used to reduce the liberated
iodine and is ultimately a measure of
the total chlorine originally present
in the sample.

NOTE: Sodium thiosulfate solution may
be used instead of PAO, but PAO is
more'stable and is to be preferred.

3 Interferences

a An unusually high" content of organic
matter may cause some uncertainty
in the end point. If manganese,
iron and nitrite are definitely absent,
this uncertainty canbe reduced by
acidification to,pH 1. 0."

b Color and turbidity in the sample
cause difficulty with end-point
detection." '

.

A

DPD METHODOLOGY(1)

The DPD (N, N-diethyl-p-phenylenediamine)
method can be applied by either, titration or
spectrophotometry.

Titration

In:this procedure, the buffeted sample is
titrated with ferrous ammonium sulfate to
the disappearance of the red dolor; then "
result is free available chlorine. Using the
same hample, the titration .can be carried
further to determine mono-and dichloramine.
Nitrogen trichloride is found uaing a fresh
portion 'of sample.

B Spectrophotometry

Alternatively, the red colors in A can be
read in a ctrophotometer or filter photo-
meter at'1115 nm. The concentrations are
determined using a calibration graph.

.9.

.4 40

4



.

Chlorine Determination and Their Interpretation

,VI COMPLIANCE METHODOLOGY

A N PDES/ Certifications

All of the analytical procedures
de scribed in IV,. rodometric.Titration_"
Analyses and in V-,''DPD Methodology
(above) are cited in the Federal
gegister as approved.

*

13 Drinking Water

Only the DPD Methodology (as in V
above) is cited in the Federal Register
as approved. In contrast to the NPDES/
Certifications regulations, the DPD
test Isit is also approved for drinking water.
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GUIDELINES FOR

. INSTRUCTIONAL PACKAGE WORKSHEET

I. SUBJECT MATTER: Bacteriological Indicatdrs of' Water Quality

II. UNIT OF INSTRUCTION: Summary of Topic Presentation n

III. 1ESTIMATED :TIME: 90L)ninutes

7-FV)JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: Coverage of this subject
Inatter. lives the participant an insight to the development of the rationale'

6 concerning the concept of an ideal indicator_and the indicatois bacteria.
in n4pSe today-for-various-objectives of Water Quality Programs.

V. ENTRY LEVEL BEHAVIOR:

A. None requited.

. INSTRUCTIONAL OBJECTIVE:

A. T inai'Behavior: The participant will be aware of the current'
cteriological indicators used in Water Quality Programs and the

dvantages/limitations inherant to their use.
a

B. Conditions!. Instructional katerial covered in course training
manual'.

. , , ,

C. Accepted Performance: In attendance to the 1 -auk* material covering
°subject material. v.. ,

- 1

, 0/11. INSTRUCTIONAL RESOURCES:

s

A. Available Media:

1. Training, Manual Outline: "Bacteriological Indicators of Water

/ Pollution ".

2. '53 Slides of X39 Series.
/ ,

B. ,Suggested Medja://

1. None

VIII. INSTRUCTIONAL APPROACH:,_

\)A. Preparation for Instruction:

1. Review -visual and written material' and prepare lesson.
)

0

WIBAipw.4:1j9-

2.- Sequence slides as desired.and place in slide tray: ..

.

L- e
3,

t

Prepare any handout material0Caesired, and arrange toave
an,

i

adequate supply prepared.
p

, ,
.

% t. ,
-

., ,
,

4. Assemble any desired'demonstration equipment/matertals

.

and arrange

to have them available for the presentatton.
.

.9!.:1 --
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B. Sequencing:

1. Classroom presentation of X39
.

-
0

a. Two.areas of approach-to finding a possible bacteriological.:

.
indicator of water quality.. (X391)

b. Normal and pathogenic, flora- inhuman fecei. 1X39-2Y,

c. Use of "total count" as an indication of water quality.. (X39 -3)
As&

-ZX

d. Early Bacterial Criteria Relating to Sanitary4aterquality
1 . . indication -thatinvestigators widely disagreed as

to water quality vs. total counts. (X39-4)

e. Copcept of an "Ideal Indicator". 8 Slides (X39-5 to X39-12).

f. Concept of using pathogens is indicators of water quality.

6 Slides (X39-13 to X39-18).-

g. Escherichs' discovery of Gram Negative rads in genral.

population and subsequent advancement of the coliform

group. of bacteria as.indicators of Water Quality. (X39-19)

, h., Current coliform,grouP deffhition. (X39-20)

i. Limitations of coliform group. 2 Slides (X39-21 to X39-22).
AOR

j. Jt1114C Classification. 6 Slides (X39 -23 to X39z28).

k. COliforms as Indicators Advantages/Limitations. X39-29)

I. Eschericheae*r Genus and Habitats' (X39-30) .

m. Effects of temperature on the bacteria. 3 Slides

(X39-31to X39.33).

n. .Fecal-ColiforrliSionificance (X39-34)

. Fecal Coliform'NTAC, Findings .(X39-35)

. 4Vcal Coliform.SiandardTest'krotdciures; (X39-36)
-

"q. .Fecal Coliform-indicators 'Advantages/Limftattons (X39-37)

9-2

/ V`

r. Groups of Enteric Bacteria Total Coliform and Fecal .

Coliform zones. (X39=38)

s. `decal 'Streptococci - Definition:16 Slides ( 39-39 to X39-41).

t. Fecal Streptococci - Slow acceptance as ihdtct rs. <X30-42)

'-a: Use of Fecal Streptococci as indicators. 3 Slides

-43'to X39-45).

86
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4 v. Partition Counting Principles. 4 Slides (X39-46 to-X39-49).

4

A. Classroom Equipment and Supplies:

1. Slide projector, and'tray.

2. Blackboard and chalk.

Fecal Coliform to Fecal Streptococci Ratio. '4 Slides
(X39-50 to X39-53).

Th.4
.

IX. IPW:EQUIPMENT AND,SUPPLY REQUIREMENTS:

-

X. IPW-REAGENT REQUIREMENTS:'

A. None required. .

XI. DESCRIPTION OF VISUAL MATERIALS:

A, 53 Slides, X39: Bacteriological Indicatoiss of Water Quality

,
1. Slide X39-1 Bacterial Indicators of Pollution - Two Areas of

Possibility
41

Slide-X39-2 Normal and Pathogenic Flora in Human Feces

3.1 Slide X39 -3 Total Count Plate' ,

4; Slide X39-4 Early Bacterial Criterfa Relating To Sanitary
Water QuaTfty

*5. Slide X39-5' Ideal Indicators: Lack Laboratory Safety Hazard

6. Slide-.X39 -6 Ideal Indicator: Positive TestilaPollution

7.. Slide )(39-7 Ideal Indicator: Negative-Test.. No Pollution

Slide X39-8 Ideal Indicator: Uniforni Reiultswith Different Water

9. Slide X39-9 Ideal Indicatory: NeVer Present in Safe Water.

10. Slide X39-10 Ideal-IndiCators,ShowAo Aftergrowth in Stream
i

11. Slide X39'-11 Ideal Deathjurvps Indicator - Pathogenic
Aicroorganis7

12. Slide X39-12 Characteristics of an Ideal IndiCator

13. Slides X39 -13 Bacteriologic Diagnosis of Specimens for
/ Bacillary Dysentery Shigellosis).

4

14. Slide X39-14 Bacteriologic:Dfagnosis of Specimens for Brucellosis

15. Slide X39-15 MicroscopicApPearance of protozoan forms

4

4

O
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16. Slivide X39-16: Bacteriological Cultures Undergoing
Biochemical Examination.

17. Slide X39717:

18._ Slide X39-18:
Pollution.

so.

Pathogens as Indicators- Advantages/Limitations.
40

Bacteriological Measurements of Fecal

St '

19.)" Slide X39-19: Escherides Examinations ..of Ward Patients
Discovers Ubiguitous Gram-Negative rods in fecal specimens

20. Slide X39-20: Coliform Group ,

-21. Slide X39-21: Relationship Between Coliform Concentrations
and Rainfall.

22. Slide X39-22: Effect of Riinfall and Surface Runoff on
Coliform Bacteria in the Missouri,River Below Kansas City.

23. Slide X397234 Differentiltion Tests for CbliforMs.

24. Slide'X39-241. Known EMViC,Types.

25., Slide X39-25: A.- AerogOes Type 1 IMVit and fC Reactibns.

Slide X39-26: E. Coli'Type.1:IMVU.and EC Reactions.

27. Slide X39127: Coliforms, 67 SOO Samples IMVi.0 Reactions.

28. Slide X39-28: IMIViC Reactions of Warm.Blqoded Animal

Cultures.

29. Slide X39-29: Coliforms as Indicators Advantages/Limitations.

10. Slide X39-30: Habitats of Eschericheae

31. Slide X39 -31: Citrate Positive vs Citrate Negative Cultures
and Their Ldctose Reactions at Varying Temperatures.

32. Slide X39-32: Averaged Generation Times,'D to 6 hours,
for Coliforms.in seven hour liquid median.' '

33. Slide 09-33: Fecal ColiforM andNon-fecal toliform
. Growith Response in EC both at various temperatures.

34. Slide .X39-34: Fecal Coliform Significance.

35. Slide X39-35: Fecal Colliorms:NTAC Findings.

36. Slide X39-36: MPN an MF Techniques at the Elevated.

Temperature for Fecal-Coliforms.

37. Slide X39-37:' fecal Coliform Indicators Advantages/Limitations.

3.4. Slide X39-38: Groups of Enteric BacteriS,Placement of
Coliform and Fecal Coliforms.

1



39. ,Slide X39-39:

40. Slide X39-40:

41. Slidi-X39=4 :

Fecal Streptococci Definition. ,

Fecal StreptoccAei: of Sanitary_Significance.
--4-----

TTfasification, of Strepitococci. -------

42. Slide X39-42:
I Indicato.

I

(-.

'46. Slide X39-46: Occurrence of Streptococcal Groups in Feces_,-
of Man, Cow, Sheep, Pig and Fowl.

Fecal Streptococci Slow Acceptance as

Slide X39-43: Fecal Streptococci Sanitary Interpretations.

44. Slide X39 -44: Occurence of S.Jecalis var liquefaciens
in Various Environmental Sources.

,45. Slide X39-45: S. bovis - S. equinus Percentage of Fecal
Streptococcus Population in Warm Blooded Animal Feces.

47.. Slide X39-47:' Distribution of Fecal Streptococcal Groups
in Feces of Human

48. Slide X39-48: Distribution of Fecal Streptococcal Groups
in Feces'of Cows.'

49. Slide X39-49: Distribution of Fecal Streptococci in.
Sewage and in Human and Cow Feces.

50. Slide 39-50: Indicator Densities per Capita per day,
in decending order.

51. Slide X39-51: -Estimated pee Capita Contribution of
Indicators of.Some Common Animals and its FC/FS Ratio. 4

52. Slide X39-52: Bacteriological Quality of Irrigation Water.

,53." Slide X39:53: .Applying the FC/FS Ratio.
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SUBJECT MATTER: Advance preparations for Day One Laboratory

WHEN ACCOMPLISHED: Approgimately 24 hours prier to Day One laboratory,
and 2 hours. prior to Day Oneolaboratorc

ACCOMPLISHED BY: Qualilled'instructor

TIME REQUIRED: 3-5 hours (dependent on the time required iosample
and the number of students enrolled)

.PREPARATION'REQUIRED

4
REMARKS -

24 hours advance

Inoculate test tube rack containing
lactose broth and AD broth tubes.
One rack per student is required.

Prepare and plate MFC mediddl with
sample volume which will produce
'isolated colonies.

CO

2 hours advance

Have laboratory Operattonalfon
laboratory studies.

90

1#

WBAmp .lah.ipw.1.1.79

*r

. #

.

EachYrack to contain '25 lactose and 25 .

AD tubes (first row multiple trength
and the other 4 rows single strength).
Each. rack constitutes an MPN test to be
assigned to each student. When inoculated,
ineubate at 35C + '0.5C.'

Atoleast one plate for each 2 students.
Incubate at 44.5C 0.2C. To be used
for Verification Test to be initiated by
students in Day One.Laboratory.

/

*--s;

1. Test Rack of sterile lactose tubes/trainee
2. Appropriate data sheets /,trainee

3. MPN transfer equipment/tnainee
4. Sterile BGBJC, lactose, and EVA Supply,
5. MF equipment (media preparation; preweighed

LES & m-ENDO media; MF, plates) .

6. VerificatioD,4v test equipment

7. 35°C and 44.5°C incubators operational
8. Place one rack/trainee of the 24 hour

MPN tubes at each laboratory,posltion
9. Remove MFG plates, from 44.5°C incubator

and have available for verification test
procedure-

9 AL
10

4

.
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GUIDELINES FOR .

,. - INSTRUCTIONAL PACKAGE WORKSHEET
. , .

.I. SUBJECT MATTER: Laboratory.iiBriefing for pay One

4

UNIT'OF INSTRUCTION: Summary of Topic-Presentation'

. III. ESTIMATED-TIME: 40 minutes

IV. JUSTIFICATIONIOR THIS INSTRUCTIONAL OBJECTIVE: Briefing for this variety
of subject matter,-as.described under VII Available Media, is of primary
importance since a number of procedures will be initiated without benefit
ofprepatorylecture groundwork due to time constraints.

. ._ ,

V. ENTRY LEVEL BEHAVIOR: .

I-

sj
e 6

A. None i-eciiiired. .' r
1

V47---11STRUCTIONAL OBJECTIVE:-

UN'

f..

A. Terminal Behavior: The participant will be atquainted with'the various,
areas of instructional material covered in the' training course manual:

and better be ableto'utiltze them in an open book laboratory situation.
which immediately follows the briefing session.

9. 'Conditions: Instructional material is covereein various parts of
. course training'manual and as'directed by verbal instructions.

- V .

C. Accepted Performance: Utilization of.asSigned pages of course training .

mTal in conjunction with notes taken during/briefing sessions.
, . A.

VII.INSTRUCT/ONAL,RESOURCES:14 -

S. 0

,

A. Available Media:"

.1. Training Manual Outlines:

Outline

MPN Methods

MPN Methods

MPN Methods

MON Methods

-
c

'
\ 0

Section Purpose

tube Labeling'

Tube Sample
Inoculations
(pipeting).

I)Instructor Aid-Tubes Abeled
. to help ,preclude tube Manipu-

lation'errors by'trainef
during course.

. '"A

Provides accurates:distribu-
tion of correct sample volumes
tOseach tube. Z.

Preparation of .

ti dilutions
Pe4cittes acettatelteasurement
of isequired_s6mpii-dilutions.

0

,

Culture Transfers 'Provides'OrrectIghniOule
of culture transfr and'` -.

O 4

92
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0-

- .Outline Seciion Purpose

Detailed. . WEND° Provides correct technique
MF Meth" medium of medium preparation

preparation - ,

Verified
MF-Tests

Veriftcatiod- Provides technique and
of fecal

_

.schematic for test
coliforms 1.procedure

2. Suggested Medfa: .

A. None

VIII. INSTRUCTIONAL APPROACH:

4.

.

O

A. Preparation for Instruction:

1. Review agenda for time sequencing and written material for content,
and prepare briefing,

2. prepare,,,handout (or use bla(ckbeerd, if desired) indicating to
trainee the written material" to review. An exaniple of such a
handout weuld be as follows:

Item Outline and Pages

Tube"*eling MPN Metfiods Pt. 2, Not specifically covered

(3-11 to 3-21)

1

Standard Metheds(14ih Edition)

MPN, Simple
Inceulations
Pilieting)'

MPN Dilutions

MPN Culture
Transfers .

MPN Methods pt, 1

3-4'16 3-6; 3-11
to 3-12; '3-4

/MPN Meihods.Pt. 1

3 -6, 3 -7

.

MP Methods Pt. l'

3-6; 3-7. Pt. 2
3-14; 3-15; 3-17;

3-1E1; -20; 3 -23;

.3-24

M -ENDO. Detailed M ho
Preparatilon %.

VerifiCatier-:''
of Fecal
COifornIs ,..

:1142;, 11-5;4

Verified 14F Tes s
13-2; 13-3

.93

4

r

882-883; 916; 943

as

4._

5

, 883; .892; 909.; AO.

883; 8i4;-917; 9223
943

.

895

NO specific information

0

.
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B. Sequencing;

1. Verification Test

2. m-ENDO preparation

3. MPN information

4: idstructor will then demonstrate the 24 hr procedures with a:

hypothetical rack of tubes. This will clarify, if needed,
the information given in (3) and will serve as a test that

-=- the instructor will carry through during the week.

ik. IPW EQUIPMENT AND SUPPLY REQUIREMENTS:

,A. ClassrOOm Equipment and Supplies:

1. Blackboard and chalk.

2. Demonstration setup.

X. IPW REAGENT REQUIREMENTS:

A. None requirled.

I

-XI. DESCRIPTION OF VISUAL MATERIALS'

A. None required.
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NNW =MP 11=111 MOW NMI. MIMI

1TRAINEE
'MPN TEST PROCEDUR

2

UMW OEM MEM 1MMIll UMW !MO MI AM 1111110 ling

DRAY ONE. LABORATORY

1. Inoculate sample rack containing
lactose tubes with a tett sample

2: Read and Record a 24 hodr fermentation
. tube rack. 'Use the form. provided by

the facility. .Record for both the
LST tubes and the AD tubes.

3. Transfer positive tubes to BGB and
for the Total coliform and FecAl

coliforms respectively

5 ,

4. Transfer positive tubes of AD to the
EVA medium Do not discard postive
AD tubes..

5. incubate'at.3tC when all transfers are
complete. The EC medium is incubated
at 44.5C. Mark tubes to-avoid loss or
misreading.

6. Prepare 100m1 of m -ENDO broth And 30m1
- of LES ENDO Agar, Fromthw simultan-
eously prepared media, ,prepare 6 plates

. '.from each to be labeled by the maker
and stored for latef.use in the refrTgera-
or. Save the remainder of the

ff'-- Al-ENDO broth preparation for later use
(la el this boWtle with your..011tials)

Pi k 6 colonies fron'tMFC plates. Pick
typical FC colonjes and some non-coliforms.

I Use sterile needle and LST tubes.

MF Procedure:

O

ea,

Intended for practice only to
learn pipetting procedures.

Tubes were inoculated by
instructor during advance
preparations.

Utilize transfer options for the
, positive tubes as instructed.

O

4

9.6
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GUIDELINESNFOW
INSTRUCTIONAL PACKAGE WORKSHEET

I. SUBJECT MATTER: The Membrane Filter
. /

II. UNIT OF INS-NW-HON: Summary of Topic Presentation

III. ESTIMATED TIME: 45 minutes'
.

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: Knowledge of this material
gives the participant a historical and practical knowledge of the membrane
filter allowing its optimal utilization in laboratory'operations.

'V.-ENTRY LEVEL BEHAVIOR: .

A. None required..

Ih..INSTRUCTIONAL'OBJECTIVE:,

A. Terminal Behavior: The participant will have knowledge of the advantages
and limitations of the membrane filter and its proper handling during
sterilization and laboratory manipulations,

B: ConCAiCns: Instructional material as'cwiered in course training manual.

C?ACcepted Performance: In attendence to the leCture cqvering subject
material.

INSTRUCTIONAL RESOURCES:

A. Available Media:

1. Training Manual Outline: The MdMbrane-Filter in Water Bacteriology.

2. '12 Slides of )(41 Series.

B. Suggested Media:

1. .None

V II. INSTRUCTIONAL APPROACH:

A. Preparation for Instruction:

W.BA.me

I. Review visual andsritten material, and prepare lesson.

2. Sequence slides as desired and place in slide tray.

3. Assemble any desired ,demonstration equipment /,materials and arrange
to, have them available for the presentation.

B.'Sequencir6:

1. Classroom presentation of X41.

79 97
.
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a. Fiat Final Report on the feasibility of using membrane filters
-. or bacteriological operations. (X41 -1)°

t

b. Comparison of similar magnification of membrane ftgter and a
high quality filter paper (X41-2 to X41-3).

c. Drawing of damage inflicted On a membrane filter surface by
a camel hair brush. (X41-4)

4.J/aripus materials'used for the manufacture of membrane filters. (X41-5)

e. Quality.Control Tests used on membrane-filters. (X4176)

'f. Flow Rate - definition and a typical chart of values. (X41-7
.to141-8).

g. Membi-anR'Filter - Open volume to solid material and pore size
variation. (X41-9)

Membrane filter made transparent with use of suitable ols. (x4r-10,

t. Differehtial absorption of dyes by,the membrane filter. (X41-11),

j. Membrane Filter sterilization procedureg, (X41 -12)

- IX. IPW EQUIPMENT ANb SUPPLY REQUIREMENTS:

A. Classroom Equipment, 'and Supplies:

1. Slide projector and tray.

. ,2. Blackboard and chalk.

X. IPW REAGOT REQUIREMENTS:

A. None

XI. DESCRIPTION OF VISUAL MATERIALS

A. 12 Slides, X41: The Membrane Filtere

Slide X41-1 Fiat Final Report Summary of Document 1312 (8Dec 47)

2. Slide X41,2 Photomicrograph Of High Quality Filter Paper .

Slide X41-3 Photomicrograph of Membrane Filter . ,

4. Slide X41-4 Drawing of Membrane Filter Surface Damage by Passage
of a Camel Hair Brush

5. Slide X41-5 Meipbratle Filter Materials;

6. Slide X41-6 Typical Membrane Filter Quality Control TeSts by
Manufacturer



0

7. Slide X41-7 befinition of Flow Rate

8. Slide X41-8-Typical Flow Rate Chart

.11

9. Slide X41-9 Schematic: Membi-ane Filter Open Volume to Solid Material
Curve: Membrane Filter Pore Size Distribution Curve for'
.45 micron pore diameter

10. Slide X41-10 Membrane Filter clarification with appopriate oil

11. Slide X41-11 Selective absorption of dyes by the membrane filter

12. Slide X41-12 Membrane Filter Sterilization

1'

4
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GUIDELINES FOR
INSTRUCTIONAL PACKAGE WORKSHEET

I. SUBJECT MATTER: Membrane Filter Equipment and Its Preparatign for Laboratory
Use

II. UNIT OF INSTRUCTION: of Topic Presentation

III. ESTIMATED TIME: 45 minu

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: Knowledge of this material
will allow the participant to be aware of required membrane filtration
equipment and its preparation for laboratory usage.

V. ENTRY LEVEL BEHAVIOR:

A. None required.

VI. INSTRUCTIONAL OBJECTIVE:

A. Terminal Behavior: The participant will have knowledge of the types,.
handling, and preparation of membrane filter laboratory equipment.

B. Conditions: Instructional material as covered in course training manual
r and the availability of the current edition of Standard Methods for the

Examination of Water and Wastewater For 'reference.

C. Accepted Performance: In'attepdance to the lecture covering subject
material. ,Course examination may.contain questions regarding this
subject.

VII. INSTRUCTIONAL RESOURCES:

A. Available Media:

1. Training Manual Outline: "Membrane Filter Equipment and Its Preparation
for Laboratory Use"

.2. Standard Methods for the Examination of Water and Wastewater (for the
-4 14th Edition: Pgs. 880=886; 89;1-892, 928-931)

B. Suggested Media:

1. None

VIII. INSTRUCTIONAL APPROACH:.

A. Preparation for. Instruction:

1. Review Training Manual Outline and pertinent pages,of Standard Methods
and prepare lesson

W.BA.mem.ipw..3.1.79.

,
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B. Sequencing:

1. A convenient sequencing for presentation of this subject material is
that which follows from the training m ual outline. This will also
allow the participants to raise quest'ont with the'sequential
progression through the pages of th outline which should have been
read by the.participants.

IX. IPW EQUIPMENT AND SUPPLY REQUIREMENTS:

A. Classroom Equipment and Supplies

1. Backboard and Chalk

X. IPW REAGENT REQUIREMENTS:

. A. None required.

XI. DESCRIPTION OF VISUAL MAT 'IALS:

A.' None required.

Instructor may e ect tq show materials and equipment during-the presentation.
Possible exampl s of these are:

1. Manufact es maintenance kits

2. Vario funnel units

3. Wra!oings used for sterilization

I
4. V cuum sources (asperators,umps, etc.)

. Suitable and prohibited typet' of culture containers...,

12-2
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GUIDELINES FOR
INSTRUCTIONAL- PACKAGE WORKSHEET

I. SUBJECT MATTER: Examination of Water for Coliform and Fecal Streptococcal,

,f
Groups (MPN)

II. UNIT OF INSTRUCTION:, Summary of Topic Presentation

III. ESTIMATED.TIME:' 90 minutes

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: Knowledge of this material
allows the participant to have a theoretical knowledge and an overview
of the MPN test procedure which is a basic test procedure for bacteriolog-
ical examination of water and wastewater.

.

V. ENTRY LEVEL BEHAVIOA:

A. ;None required.

VI. INSTRUCTIONAL OBJECTIVE:

44-,- Terminal Behavior: The participant will be knowledgable in the
theoretical aspects _of this test procedure and have an overview
of the complete procedure.%

B. Conditions: Instructional material as covered in course training .

manual.

C. Accepted Performance: In attendance to the lecture material
covering subject material.

VII. 'INSTRUCTIONAL RESOURCES:

A. Available Media:

1. Training manual outline: "Examination,of Water for Coliform
' and Fecal Streptococcal Grows"

2. 40 slides C4 X40 Series

3. Standard Methods (for the 14th Editon: pgs: 913-927; 942-944)'
B. Suggested Media:

1. 'None 4
>go

VIII. INSTRUCTIONAL APPROACH:

A. Preparation for Instruction:

1. Review all written and visual material and prepare lesson.

2. Sequence slides as desired and pace in slide tray.

W.BA.co.ipw.1:1.79

4,
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3. 'repare any handout material, if desired, a d arrange to have
an adequate supply prepaYed.

4. Arrange to have any desired demonstratio material available
for the presentation.

B.. Sequencing:

1. Classroom presentation of X40:

a. Schematic overview of MPN Test for Coliform Group. Slide X40 -1..

b. Coliform Group definition. Slide X40-2.

'I

c. Factors effecting resulti of MPN test. Slides X40 -3 to X40-6.

d. Sample inoculations. Slides X40-7 to X40-10.
O

e. Sample volume vs. Range Covered. Slide X40-11.

f. Schematic: Presumptive Test. Slide X40-12.

g. Pictorial Representation of Piesumptive test. Slide X40:13.

h. Incubation of tubes at 35° C. Slide X40-14.

i. Inspection and typical recording of 24 hour Presumptive Test
tubes. Slides X40.-15 to X40-16.

.. Schematic: Confirmed Test. Sl'ilde .X40-17

k. Loop transfer of culture. Slides X40-18.to X40-19.

1. Continuation of Confirmed Test'Procedure. Slides X40-20 to
1(40-21.

m. Selecting Codes-for MPN calculations. Slide X40-22.

n. MPN Table. Slide X40-23.

o. Completed Test Procedure Overview. Slides X40-24 to X40-25.

p. EMB Agar-plating and colonies. Slides X40-26 to X40 -29.

q. Completed Test Procedure, Slides X40-30 to X40-34.

r. Fecal Streptococci MPN Schematic. Slide X40-35.

s. Control and Positives for the Fecal Streptococci MPN;
Slide X40-16.

t. Fecal Coliform MPN Test. Schematic and Description.of
Analysis. Slides X40-37 to X40-38.

u. Fecal Coliform Test. First Stage and Second Stage. Slides
X40-39 to X40-40.

103
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IX. IPW EQUIPMENT AND SUPPLY REQUIREMENTS:

A. Classroom Equipment and Supplies,:
4%

1. Slide Projector and supplies.

2. Blackboard and chalk.

3. Demonstration cultures, if desired.

X. IPW REAGENT REQUIREMENTS:

A. None required.

XI. DESCRIPTION'OF VISUAL MATERIALS

A. 40 Slides, X40: Examination of Water for Coliform and Fecal
Streptococcal Groups (MPN)

1. Slide X40-1: Schematic-TestS for Coliform Group.

4p

2. 'Slide X40-2: Coliform Group Definition.

3. 'Slide X40-3: Shaking of Sample Bottle to Obtain. Even
Distribution of Bacteria.

4. Slide X40-4:
Positives in

-- .5.

6. Slide X40 -6:'

selection of

7. Slide X40-7:

8. Slide. X40-8:

Sltde X40-9:

10. Slide X40-10:

Slide X40-5:
in Confirmed

9.

.

PorSelectiod.of
Confirmed Test.

Poor Selection of
Test.

Slide X40-11:

Slide X40-12:

STicte X40-13:

Procedui"e.

Slide X40-14:

5. Slide X40-15:

16. Slide X40-16:

Presumptive T

Sample Volumes-Lack of

Sample Volumes-All positive

MPN Test. 95% Alidence LiMits.decrease with
at least 5 tables/row.

MPN Sample Inoculation.-Use of Pipet.

MPN Sample/Inoctilatton-Schematic for dilutions.

MPN Sample InoCulatiOn-Dilution Blanks (99 ml).

MPN.Sample Inoculation -Use of Pipet.

Sample Volumes vs. Range Covered.

MPN Schematic-The Presumptive Test Protedure.

MPN Pictorial Representation-Presumptive Test

Incubation at ,35° E.

MPN Presumptive Test-24 hour cultureSc

Example of a'24 hour recording for the
est.

104 13-3
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17.

18.

t

4

Slide X40-17: ,MPN Schematic-The Confirmed Test Procedure.

Slide X40-18: Cross-Section of a Filled Loop.

6

19. Slide X40-19: MPN Confirmed Test Loop Transfers.

20. Slide X40-20: MPN ConfirMed Test-Inspection of 48 hour test
results.

21, Slide X40-21: MPN Confirmed Test-Reincubation of 24 hour nega-
tive BGB tubes.

22. SlidX40-22: Selecting MPN Codes from Data Sheet.

aL
23. Slide X40-23: MPN Table (13th Edition Of Standard Methods).

24. Slide X40-24: MPN Schematic-The Completed Test Procedure.

25. Slide X40-25: Pictorial Representation of MPN Completed --
'Test Procedure .

26. Slide X40-26: Streaking and EMB Agar Plate.

27. Slide X407,27: Colonies on EMB Agar.Platp.
,*

28. Slide X40-28: Same as above.

29. Slide- X40-29: Same As above.

° 30. Slide X40-30: Picking pure cultures from an EMB,Agar plate.

31. Slide X40-31: Transferring a pur;e culture during the MPN,
Completed Test Procedure'. 71

32. Slide X40-32: Growth .of pure'cUlture during the MPN Completed
'Test Procedure

33. Slide X40-33: Gram Staining Reagents.

34. Slide X40-34: Gram Positive Culture.
a

35 Slide X40-35: Schematic: MPN Fecal Streptococcus fest..

36. Slide 'X40 -36: Control and Positive Cultures in the MPN Fecal
Streptococcus Test Procedure.

37.
..

Slide X40-37: Schematic-the MPN Fedal'Coliform.Test.

38, Slide k40-38; Ddscriptio6 of the MPN Fecal Coliform Test ProcedUre.

39. Slide X40-39-: MPN fecal Coliform Teh First Stage. A

40. Slide, X40 -40 MPNPecal Coliform Test-Second Stage,'

13-4
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GUIDELINES FOR
INSTRUCTIONAL PACKAGE WOqKSH,EET.

I. SUBJECT MATTER: Media and Solutions for MPN Methods

II. UNIT-OF INSTRUCTIQN: Sunimary of Topic Presentation

III. ESTIMATED TIME: 50 minutes

,

. IV. JUSTIFICATION FOR THIS'INSTRUCITONAL OBJECTIVE: Knowledge of this ,material
will allow the pax.acipant to be aware.of required MPN media and solutions ,
and its preparation for laboratory use. '

V. ENTRY LEVEL BEHAVIOR:

A. None,required.

VI. INSTRUCTIONAL OBJECTIVE:

A. Terminal Behavior: The participant will rave knowledge ofthe required
MPN media and solutibns and their preparations.

B. Conditions: Instructional material as covered 4-n course training manual
and the availability of the current edition of Standard Methods for!the
Examination of Water and Wastewater for reference.

.

C. Accepted Performance: In attendance to th9 lecture covering subject
material. Course examination may contain questions regarding this
subject. ; $ ,

VII. INST/RUCTIONAL-ftESOURC;S:
.

A. Available Media:

1. Jraining'manual outline: "Media apd Solutions,foy Multiple
Dilution Tube Methods°.

2. Standard Methods for the Examination of Water and'Wastewater (for
the4th Editfon: Pgst-88689/1 892-896; 918-919).

tir ,

B. Saggested Media:

1. None 4'

, V LII. INSTRUCTIONAL APPROACH:

A. Preparation for Instruction:
$ ,

1. Review training manual outline and pertinent pages of Standard
Methods and prepare lesson.

B. Sequencing -: -

. 4

1. A convenient sequencing for'presentation of this subject material
is that which follows from the training manual outline.. This will

W.BA.mpn.ipw.1.1.79

I
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also allow the participants to raise questions with the sequential
progression through the pages of the outline which should have
been read by the participants. ;

IX, IPW EQUIPMENT AND SUPPLY REQUIREMENTS:

A. For each student:

Classr6om equipment and supplies

2. Blackboard and chalk
r--

X. IPW REAGENT REQUIREMENTS:

A.. None required.

XI. DESCRIPTION OF VISUAL MATERIALS:

A. None required.

N

, 14-2'
.-.. ."

Instructor may elect to show materials and
Possible examples of these are:

1. Jars of dehydrated media(

/.
2. Bottles of dyes and reagents

3. Stock and working solutions

4. Prepared media.

0

.00

.4

ies during the presentation.
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GUIDELINES-FOR
INSTRUCTIONAL PACKAGE WORKSHEET

I. SUBJECT MATTER: Principles of Culture Media For Use With Membrane Filters

II. UNIT OF INSTRUCTION: Summary of-Topic Presentation

III. ESTIMATED TIME: 45 minutes
e'

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: Knowledge of this material
will allow the participant to be aware of principles of culture media and
better exercise judgement to protect the integrity of the laboratory prepaisations.,

V. ENTRY LEVEL BEHAVIOR:

A. None required.

VI. INSTRUCTIONAL OBJECTIVE:.

A. Terminal Behavior: The participant will be aware of the principles of
culture media and of.some of the terminology applied to various test
procedures using differing media preparations.

B. Conditions: Instructional material as covered in course training manual
, and the availability of the current edition of Standard Methods for the

Examination of Water and Wastewater for reference.

C. Accepted Performance: In attendance to the lecture covering subject material.
Course examination may contain questions regarding this subject.

.VII. INSTRUCTIONAL RESOURCES:

A. Available Media:

1. Training, Manual Outline: "Principles of Culture Media for Use With
Membrane Filters"

2. Standard Methods for the Examination of Water and Wastewater (for the
14th Edition: Pgs. 882-884; 886-888; 894-895)

B. Suggested Media:

None

VIII. INSTRUCTIONAL APPROACH: .

A. Preparation for Instruction:

1. Review Training Manual Outline and pertinent pages, of Standard Methods
,.and prepare lesson:

B. Sequencing:

MT,BA.mem.ipw.2.1.79 108
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I

A convenient sequencing for presentation of this. subjedt material-is
that which follows from the training manual outline. This will also
allow the partidipants to raise questions with the sequential progression
through the pages of the outline which should have been read by the
participants. ....

O

IX. IPW EQUIPMENT AND SUPPLY REQUIREMENTS:
tow

A. Classroom Equipment adE Supplies

1. Blackboardand Chalk.

X. IPW REAGENT' REQUIREMENTS:

A. None required,.

XI. DESCRIPTION OF VISUAL MATERIALS:

A.' None required. (

z

15-2
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SUBJECT MATTER: Advance Preparations for Day Two Laboratory.

WHEN ACCOMPLISHED: ,ApProximately 1 hour prior to Dailwo Laboratory

ACCOMPLISHED BY: Staff'

TIME REQUIRED: 14 hours

PREPARATION REQUIRED REMARKS

Remove 48 hour MPN-Tests. from
incubators and plaWeach test
rack at the proper'te'st position

1 (bench site)

Have sufficient sterile BGB, EC, and
EVA tubes ava a le.in laboratory

Collect sample f MF Testing

Place m-ENDO broth at each
laboratory position

Have laboratory operational
for laborat6ry studies

$
10.4,

0:0

W.BA.mpn.lab.ipw.2.1.79

pi x

Individual racks should have been labeled
as to trainee identification. If tubes

. were consolidated due to incubator space,,
have racks available for participants to
obtain theirs.

Required for 48 hour MPN procedures. EC

also for verification test

Several liters collected, well mixed, and
placed in individual single bottles for
,trainees to run MF test 4

Was prepared individually,. on Monday
(Day One) and stordd in refrigerator
and should have been labeled as to
trainee Identification

1. MPN Transfer equipment/trainee
2.- Sterile BGB, EC, and EVA tubes available
3. MF test equipment/supplies at each

laboratory position
4. MF Data Sheets distributed
5. All incubators operational

16-1



GUIDELINES FOR
INSTRUCTIONAL PACKAGE WORKSHEET

I. SUBJECT MATTER: Laboratory Briefing for Day Two

II. UNIT OF INSTRUCTION: Summary of Topic Presentation

III. ESTIMATED TIME: 45' minutes

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: To ensure understanding of
previous laboratory work and to give a briefing for the work to. be accomplished

.

0

during Day Two Laboratory.

kENTRY LEVEL BEHAVIOR:

A. Having performed the Day One Laboratory procedures

VI. INSTRUCTIONAL OBJECTIVE:

A. Terminal Behavior: The participant will be acquainted with the various
areas of instructional material covered in the training coursemanual
and better be able td utilize them in an open book laboratory situation
which immediately follows the briefing session.

B. Conditions: Instructional material as covered in various parts of
course training manual and as directed by verbal instructions.

C. Accepted Performance: Utilization of assigned pages, of course training
manual in conjunction with notes taken during briefing sessions.

'VII. INSTRUCTIONAL RESOURCES:'

A. Available Media:

J. Training Manual Outlines:

Outline .

6

Section

MPN Methods '48 hour examinatiPt

terified.MF Verification of
Tests Fecal Coliforms

Detailed Membrane
Filter Methods

2. Suggested Media:

Tests for Coliform
Group

.

a. None

VIII. INSTRUCTIONAL APPROACH:

A. Preparation for Instruction:

Purpose

Provides correct technique
of culture transfer and
approved methods

Continuation of verification
, procedures

Provides procedural
. informatjon

I. Review agenda for time sequentihg and written material for content
and 'prepare briefing.

112



2. Prepare handout (or use blackboard, if desired) indicating to
trainee the written material to review. , An example of such a
handout Would be as follows:

Item Outline and Pages Standard Methods (14th Edition)

MPN Methods Examination of Water
48 hour Procedures) for Coliforms and

Streptococcal Groups
3-13; 3-15; 3-15 to
3-17; 3-21; 3-24
3-20

-MF Aithods

B. Sequencing:

1. MF Methods

Detailed MembrA
Filter Methods
11-5 (D.7) to
11-6 (D.16)

916 to 917; 920 to 921
943; 922

932 to 933

2. MPN Methods (48 hour test procedures)

3. Continue with MPN test rack (the 48 hour examination for
Coliforms and Fecajl;treptoeocci) as demonstration.

IX. JPW EQUIPMENT AND SUPPLY REQUIREMENTS:

A:. Classroom EquipMent and Supplies:

1. Blackboard and chalk.

2. Demonstration setup.

X. IPW REAGENT REQUIREMENTS:

A. None required.

XI. DESCRIPTION OF VISUAL MATERIALS:

0 A. None required

.4

113
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Day Two Laboratory

MPN Test Procedure'
e

48 Hour Examination. Read and Record.all tube results.
Transfer all positive lactose tubes
to BGB and EC. EC tubes are discar ed
after 24 hours. All negative lact e
tubes are di§carded,after 48 hours

6 All EVA tubes which are negative h ve
to be inoculated again from its or ginal ,

postive AD tube which.was retained from

16-4

r

14F Test Procedure

Monday.

Run a given sample using 5 given Sample Volumes: (Example)
sample volumes using the m-ENDO
broth plates which were prepared 25m1 ; 15m1 ; 8m1 ; 3m1 .8m1
Monday. Selected sample voluMes
will depend on particular sample
utilized:

6

MF Verification Test

Continue,verification test. Inoculate positive lactose tubes t EC
tubes and place in 44.5C incubator
Reincubate negative lactose tubes or
an additional'24. hours, Record Re ults.

115
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GUIDELINES FOR

INSTRUCTIONAL PACKAGE. WORKSHEET

I. SUBJECT MATTER: Use of Tables of MPN

II. UNIT OF INSTRUCTION: Summary of Topic Presentation

III. ESTIMATED TIME: 45 minutes
,1

IV. JUSTIFICATION,FOR THIS INSTRUCTIO AL OBJECTIVE: Knowledge of.this material

rl

will enable the participant to p cess completed labdritory'MPN data sheets
to compute the count/100 ml.

V. ENTRY LEVEL BEHAVIOR:

A. None' required.

VI. INSTRUCTIONAL OBJECTIVE:
, -

A. Terminal Behavior: The participant will be able to properly utilize the
MPN Tables to obtain MPN counts based upon laboratory data sheet
recordings of tube positive and negative- results.

B. Conditions: Instruction al material as covered'in course training manual
and the availability of the current edition of Standard Methods for the
Examination of Water and Wastewater for reference.

C. Accepted Performance: In attendance to the,lecture covering subject
material. Course examination may cdntatn questions-regarding this ,

subject.

VII. INSTRUCTIONAL RESOURCES:

:-/
A. A4ailablelMedia:

6 f

. %

1.' Training manual outline: "Use of. Tables of MostProbable'Numbers". Parl 1

2. Standard Methods for the Examination of Water and. Wastewater (for.
the 14th Edition: Pgs. 923-926).

3. Eight simulated-data sheet as handout to each' participant to be,
used as group instructional device.

B. Suggested Media: 4. .

1. None.

VIII. INSTRUCTIONAL APPROACH:

A. Preparation for Instruction:-
.

1. Review training manual outline and pertinent pagei of Standard Methods.

,

2. Review the eight handout data sheets for, roper responses.

W.BA.mpn.ipw.3'.1.79
116



3. Prepare lesson.

B. Sequencing;

I. A convenient sequencing for presentation of this subSect material
is that which follows from the training manual outline (Part 1).
This will also allow the participants to raise questions with the
sequential progressiOn through the pages of the outline which should
have been 'read by the

2. Handout the simulated 8 data sheets to each participant and as a
group exercise obtain the correct MPN values.

IX. IPW EQUIPMENT AND SUPPLY' REQUIREMENTS:

A. For each student:

1. Classroom equipment and supplies,

2. Blagkbeard and chalk.

X. IPW REAGENT REQUIREMENTS:

A. None required.

XI. DESCRIPTION OF VISUAL MATERIALS:

A. Eight handouts (Instructors solutiolns given):

No. Data Sheet Identification Fecal ECB Code' Code Selectea' MPN per 100 ml*

1 52'

2 53

3 54 . . 't

4 55
,

5 56

6 57
*

7 58

8 59

5 -2 -1 -0

1-0-0-0

5-4-1-0

5-4-2-1

0 -0 -0 -0 4-0-0

tO-1-0-0 / / :

5-5-1-0

6-2-1 . 700

1-0-0 , 20

5-4-1 1700
.

5-4-$ 2800

<20

0-1-0- 200

'5-1-0' 3300,

X-X-5-6 ' 5-5-5 224000

4

*14th Edition Standard Methods

'17-2
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FECAL FOLIFORM TEST

Multiple bilution Tube (.14PN) Method0

Sample Sourcp ifyiP44.41t Rect.;41- 2. Lab. No. 52.
St4tion Collection Date/At/Mime 70:00
,Received. in Laboratory/0:36AP Test Started 10: 3oAtt4

By Ail
Remarks
ml, sample
per tube

tube
code

Presumptive
LLSTB -

Fecal
ECB
24 hr.

NoTubes
Positive

24 hr. 48 hr.

14 0

1-

A . `--4-' 4.

.

7elangli

.2- 4-
41

-I-

C.. -I- 4-
Ai., + +.

,

..e... 4- -I-
4...4 ÷ 4--

_ CO. /
.

...- 4- 4'
4...

otte ....
.

,... -, .*. . . . ..., ,

....

=NW

0. 0

...4
,

I Co t"' +
lei- 4. ....

.....

.

O. 001

a

z 4 _.

2.c -.
Zet OM

Zal.
.

... ....

A '

`Code of Positive Tubes: - n ex

Fecal Califorms:' /100 ml Reported by:
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, FECAL COL RM TEST

Multiple Dilution Tube (MPN)

Sample Source

Sation,4F" Co

Received in Labora
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ml sample
per tube

tube
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FECAL COLIFORM TEST

Multiple Dilution Tubc (MPN) -thod
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FECAL COLIFORM TEST,#

Multiple Dilution Tube (MPN) Method

Sample Source.Eilisted.t- P644- Lab. No. 5T
Station °I)4 Collection DatelAXhifTime AVM

/o:AO a
`Received in Laboratpry .ArM Test Sarted16:36AIM

By, A.
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FECAL COLIFORM TEST

Multiple .Dilution rube- (MPN) Method

Sample Sourcp Ptami z --Cab. No. CL
Station L Collection Date/ftibilTime 9:44o AVMWooReceived in Laboratory M Test Started //:057 y4

By 14 L J
'Remarks
ml sample
per tube

tube ',
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FECAL COLIFORM TEST

Multiple Dilution"Tube (MPN) Method

Sample Source. Eli2,..t,/4), Lab. No._71

Station, Af C011ection Date P7/7 ime 9:5-0,

Received in.Laboratory":"AVM Te arted/A/M
By 4h._%/
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Ml sample
per tube

tube
code
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-24 hr. 48 hr.
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ECB
24 hr.

No.Tubes
Positive
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o . /

0.0
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a

ib

2

Code of Positive Tubes: - MPN Index

Fecal Conforms: /10.0 ml Reported by:

17-8
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FECAL COLIFORM TEST

Multiple Dilution.Tube (MPN) Metilod:

Sample Sourcergh4h44-Ratt a Lab. No. t78
3 Collection' Datel/NMITime/0:26 A)g.M

ii00in Laboratory AyM Test StartedM/474M

By 71. J
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FECAL COLIFORM TEST

Multiple-Dilution Tube (MPN) Method

Sample Source E 4,144.,.t FLab. No. 69

Station 4 Collection Date0i/hiime /0:0o Aim

Received in Laboratorl" 4 AVM Test Started/ft" A/M

By
Remaiks
ml sample
per tube

tube
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GUIDELINES .FOR;

INSTRUCTIONAL PACKAGE WORKSHEET:
4,1.

I. SUBJECT MATTER: Verified Membrane Filter Tgts .

UNIT OF INSTRUCTION: Summary of Topic Presentation

III. ESTIMATED TIME: 40 minutes

. IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: Participant will be aware
Of need and technique of performing the verification test for each of the
standard indicator.bacteria.

V, ENTRY LEVEL BEHAVIOR:

A. NonecrequiFed.

VI. INSTRUCTIONAL OBJECTIVE: _

A. Terminal Behavior: The-participant will be able to utilize standard
or experimental membrane: filter plates, intended for Total Coliforth,

fecal Conform, and fecal Streptococcus, to obtain pure cultdres and
process them for identification and calculation of a percent verifica
tion. .

B. Conditions: Instructional material as covered in course training manual
and the availability of the current edition of Standard Methods for the
Examination of Water and Wastewater for reference. Verification test
has already been initiated for-the fecal coliforms during the first
laboratory session allowing the participant some prior knowledge of
this subject.

C. Accepted Performance: In attendance to the lecture cOvering subject
material. Course examination may contairt questions regarding this
subject.

VII. INSTRUCTIONAL "RESOD

A. Available Media:

1. Training manual outline: "Verified Membrane Filter Tests"

2. Standard Methods for the Examination of Water and Wastewater
(for.the 14th Edition: pgs. 931; 935', 945)

B. Suggested Media:

1. None

VIII. INSTRUCTIONAL APPROACH:

A. Preparation for Instruction:

r,
1. Review training manual*tline and pertinent pages of Standard Methods.

W.BA.mecipw.4.1.79

1.26
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4 \..
3

2. Prepare lesson.

JB.' Sequencing:

1. 'A convenient sequencing for presentation of this subject material
is that which follows from the training manual outline. This will
also allow the participants to raise questions as they not only
should have read the outline but have processed fecal Coliform
cultures for verification in the laboratory exercises.

IX. IPW EQUIPMENT Ap SUPPLY REQUIREMENTS:

/ A. For each adent:'

1. CTassroom equipment and supplies.

2. Blackboard and chalk.

X. IPW REAGENT REQUIREMENTS:

A. None, required.

XI. DESCRIPTION OF VISUAL MATERIALS:

(

18-2

a. Nope required.

Instructor may elect.to show laboratory preparations of the,verificatiori
test during the presentation. Since the fecal Coliforms were participant
processed, the d9monstration choice could involve the Total Coliform
end/or fecal Streptococci.

127
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GUIDELINES FOR
. INSTRUCTIONAL PACKAGE WORKSHEET

I. SUBJECT MATTER: 8acteriolggic;1 Laboratoryi .E9Oipmeni, Materials,
and Supplies

7 -

IT; UNIT 0 INSTRUCTION: Summary'cif Topic Presentation

III.. ESTIMATED.TIME: 1 tiour. and 10 minutes

IV. JUSTIFICATION.FOR THIS INSTRUCTIONAL OBJECTIVE: Participant will. be
aware of the materials, equipment, and supplies that should be avail-
able to the bacteriological laboratory.to perform in an acceptable
manner:

V. ENTRY LEVEL BEHAVIOR:.

A. None required.

VI. INSTRUCTIONAL OBJECTIVE:

A. Terminal Behavior: The participant will be knowledgeable of the
materials, supplies, and equipment which shouTd be available and
operational in a bacteriological laboratory which is capable,
dependent upon correct analytical procedures, of performing .in
an acceptable manner. .

B. Conditions: Instructional handout material (if desirable by
%, instructor) listing Capital Equipment,-Reusable supplies, and g

consumable supplies of some representative test procedures by
a bacteriological laboratory.

Current Edition of Standard Methods for the ixaminition of Water
and Wastewater for reference.

L b
So4 exposure to bacteriological laboratory material, equiptent
and supplies has Already occurred during laboratory sessions.

C. Accepted Performance: In attTence to the lecture covering
subject material and instructor observation of techniques during
laboratory sessions. Course examination may contain questions
regarding this subject.

VII. INSTRUCTIONAL RESOURCES:

A. Available Media:
n

1. Standard Methods for the Examination of Water and Wastewater
(for the 14th Edition: Pgs. 880-884, 885-886, 887-891).

2. Equipment ipd Supply Requirements (Instructor Guides and/or
, handout mafbrial)-Representative Procedures,. 4

a. Standard'Plate Count (follows this IPW)

W.BA.lab.ipw.1a.11.80 128
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b,. Coliformlest by the MUltipti DiiutiOn.Tube (MPN) Method

c. 'Completed Test for the MPN.MethOd

- Total Coliform Test by,the Membrane Filter Method
ea.

3. Training Manual Outline: Testing The Suitability of Distilled
Water for the Batteriology Laboratory.

oP

tr
4. Instructor Reference:. Laboratory Safety Practices.

o

B. Suggested Media:

1. None

VIII. INSTRUCTIONAL APPROACHL
.1M10

A. Preparation for Instruction:
Eitti

1. Review written materials:

Materials

Standard Methods

Equipment and Supply .

Representative-Procedures

Outline: Testing the
Suitability of Distilled

. Water for the Bacterio-
:logical Laboratory

'Reference: Laboratory
Safety Practices

2. Prepare lesson. :"e''

B. Seouencleg: "'
O

0

-Remarks

Equipment, mater
requirements.

0

and supply

Review for typical requirements
of a bacteriological laboratory -
could be helpful to participant
as handout. .

Descr bes test procedure and
requirements of a suitable water
for laboratory use.

General laboratory safety e

8

1. A convenient approach.to this subject wouldbe to:

'a. Discuis the need for; 1nd:basically cover, the diitilled
°water subject.

b. Utilize the equipment and supply requirement lists td describe
Isultably equipped laboratory.. Indicate unsuitable'practices
as the subject occurs such as:

Accepted Practice

.

Autoclave meeting-
.

requirements .

. Unsuitable Practice

Pooi. Rpessuri cooker

equipment

So,

rP



0

-

'Oa

.pH meter meeting

.requirements

incubator meeting
requirements

Refrigerator meeting
requirements

.4

Poor prattice of
using paper pH
indicator.'

Incubator with "hot"
and "cold" spots which
are used.

Refrigerator freezing

contentWhaving edible
foods4'coptaining organic
material fumes, etc.

c. Discuss GenerarTaboratory Safety.

d. If time and facility arrangement allows,,a tour through
.laboratory preparation area could be scheduled.

I1'4 EQUIPMENT AND SUPPLY REQUIREMENTS:

A. Classroqm equipment and supplies..

1.- None

X. IPW REAGENT REQUIREMENTS:

A. None required.

XI. DESCRIPTION OF VISUAL MATERIALS:- °_

.

A. None required.

8

e)

I-
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WATER MONITORING PROCEDURE: Standard Plate Count

Equipment and Supply Requirements

A. Capital Equipment:

lo Autoclave, providing uniform temperatures up to and including 121° C,
equipped with an accurate thermometer, pressure gauges, saturated
steam power lines and capableof reaching required temperature within
30 minutes. . r

2. Balance, 0.1 g sensitivity atlpad of 150 g.
3. InCubator*, air, to operateat 35° C + 0.g° C.
4. Oven*, hot-air sterilizing, to give uniform temperatures and with

suitable thermometer to register 'accurately in range of 160 - 180 ° -C.

5. pH Meter, accurate to at least 0.1 pH unit, with standard pH reference
solution(s).

6. Water Distillation Apparatus*, glasi,or black tin,,or source of distilled
watetisuitable for bacteriological operations.

7. Incubator *, 'water, to operate at 45° + 1° C.
8. Refrigerator*, to operate at 4° C..
9. Thermometer, mercury bulb,certified NBS or calibrated against a certified

NBS thermometer 0.5° intervals and have 160-180° C as part of range.

B. Reusable Supplies:
. . .

-'1. Apron or coat suitable for laboratory..
2 Baskets., wire for discarded cultures.

L 3. Bottles, 6.oz; screw caps, with 99 ml volume level etched on..
one side. 1

-4. 'Bottles, sample *, preferred characteristics being 250 ml (6-8 oz.),..
wide mouth, glass stopper.'

5.. Bottle, squeeze type, with disinfecting .solution:
6. Burper, gas, Bunsen burner typee:' " .,T

7. Cans,-pipet,!aluminum or steel; not,copper (If plastit, or' Other type. of.
prepackaged disposable pipets are used, this item is unnecessary.) -

8. Counter, colony, Quebec type, Darkfield model with guide plate, hand talky.
9. Cylinder, graduated, 100 ml.

10. Cylinder, graduated-k500 ml.
11. Dish*, petri, sterile, 100 mm-diameter, > 15 mm in height, with glass or

porous tops preferred (presterilized, sterile one-time-use plastic tubes
may be used).

12. Flask*, Erlenmeyer, 250 ml capacity.
13. Flask, Volumetric, 1 liter. 1.

14. Pan, to receive discarded contaminated pipets and-giiisware (must contain
disinfectant before use). .

15. Pipets *,. 1 ml, having 0.1 ml increments, sterile, cotton plugged, lass or
disposable plastic, TO type.(NOT a "blowout" type).

16. Ripets,5 ml, having 1 ml increments (have several on hand).
17. Sponge, for cleaning desk top.

ThermoMeter, thercuty`bulb, certified NBS or calibrated against a certified
NBS thermometdrO.5° intervals and.have.30-40° C as part of: range.

0

4
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MATER MONITORING PROCEDURE; Standard Plate Count

Equipment and Supply Requirements (Continued)

C. Supplies Used Up in the Analysis (must be replaced when stocks get low):

1. .Cotton,.nonabsorbent.
2. Disinfectant, for bench tops. (Us`e household bleach solution prelpared

according to instructions on bottle.).

?

3. Distilled water, suitable for bacteriological cultures (note distillation
apparatus required in capital.equipment).

4. EDTA (ethylene dinitrilotetraacetic acid):
5. Foil, aluminum.
6. Paper, Kraft.
7. Magnesium Sulfate (MgS0

4
.7H

2
0) (recommend purchase of 1/4 lb.,units)

Pencil, wax, (recommend soft wax equivalent to Blaisdell 169T).
9. Potassium Dihydrogen Phosphate (KH

2
PO

4
) (recommend purchase of 1/4 lb. units)..

10. Sheet, Data, SPC.
11. Sodium Hydroxide (NaOH).
12. Sodium Thiosulfate (Na2S203.5H20):

13. Tryptose Glucose Yeast Agar, dehydrated.medium (recommend purchase of
1/4 lb. unit). y

er

PP,.

4

r:

A,.

*Items marked are needed in quantities or require size or pate allowances
which canpot be specified here, as they vary according to the daily. analysis
schedule. As a rule -of- thumb, space/size or quantity,requirements.should be
at least,3 tines the normal daily-requirements, For further information on
specifications for equipment of supplies, see the Microbiology Section of
the current edition of Standard Methods for the Examination of Water and
Wastewater:

132
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:WATER MONITORING PROCEDURE: Coliform Test by the Multiple
Dilution Tube (MPN) Method

Equipment and Supply Requirements

A. Capital Equipment:

1. Autoclave, providing uniform temperatures "UpEto and including 121° C,
equipped with an accurate thermometer, pressure gauges, saturated
steam power lined and capable of reaching required temperature within
30 minutes .

2. Balance, 0.1 g'sensitivity at load of 150 g
3. Air Incubator, to operator at 35° C ± 0 5° C -°

4. Oven, *hot-air sterilizing, to give uni orm temperatures and with
suitable thermometer' to register accurately in range-of 160-180° C'

5. pH Meter, accurate to at least 0:1 pH unit, with standard pH" r ..ference
solutions(s)

6. Water distillation apparatus, (glassor blockAtn), or source of
distilled"water suitable for bacteriological operations

B. Reusable Supplies:

-1. Apron or. coat suitable for laboratory.
2. Baskets, wire for discarded cultures
3: Bottles, dilution!, 6-oz. screw caps, with 99 ml v lume level etched

on one side
4. Bottles, sample*, preferred characteristics being 250 ml (6-8 oz.),

,wide mouth, glass stopper
5. Burner,.gas, Bunlen burner type .

w6.Cans, pipet, aluminum or'steel; not c(per(If plAstic, or other type
of prepackaged disposable pipets are used, this item is unnecessary.)

7: Metal caps* to fit 18, and 25 mm culture tubes
.Y -8.- Pan, to receive discarded contaminated pipets and glassware (must

contain disinfectant before use)
Inoculation loop, 3 mm diameter loop of nichrome or Platinum- iridium_
wire, 26 B&S gauge, in'holder

10. Pipets*, 1 ml, with 0.1 ml graduations,- Mohr type preferred, sterile,
Caton plugged, glass,or disposable plastic

11. Pipets*, 10 ml, wtth 1.0 ml graduations, Mohr type preferred, sterile,
'cotton plugged,glass or disposable plastic

12. Racks,/Alture type*, 10 x 5 openings, to accept tubes at least 25 mm
in diameter -

13. Sponge, for cleaning desk top
14. Tubes, culture*, 150 x 25 mm
15. Tubes, culture*, 150 x 18 mm
16. Tubes, fermentation*, 75 x 10 mm vials to be inverted in culture tubes

C. Consumable Supplies:
.

\

1. Distilled Water, suitable fOr bacteriological cultures (note distillation
apparatus required in capital equipment)

2.\ BGLBB (Brilliant Green Lactose Bile Broth), slehydrated (recommend purchase
of 1/4 lb. units)

3. Lactose Lauryl Sulfate Tryptose Broth, dehydrated (recommend purchase Of
1 lb. units) - ,

4. PostaiiumDihydrogen Phosphate (*VOA) (recommend purchase of 1/4 lb'.
units)

,
0-.
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WATER MONITORING PROCEDURE: Coliform Test by the Multiple
Dilution'Tube (MPN) Method

C. Consumable Supplies (Continued):

5. Disinfectant, for bench tops. (Use household bleach solution prepared
Al, according;to instructions on bottle) -. .

6. Wax'pencils (recommend soft wax equivalent to Blaisdell 169T)
7. EDTA.igthylene dipitrilotetraacetic acid) .

8. Sodium thiosulfate (Na2S2O3.5 H20)

.

I

Ar.

O

*Items, marked are needed i quantities or require size o; space allowances which
cannot be specified here, as they vary accorqing to,the daily analysis schedule..
As a rule-of-thumb, space /s' e or quantity requirements should be at least 3 times
the normal daily requiremen For further information on sRecifications for
equipmtrAt.and supplies, see e Microbiology Section of the current edition of
"Standard Methods for the Examination of Water and Wastewater."
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WATER MONITORING PROCEDURE: Completed Test 'for the MPN Method

Equipment and Supply Requirements

A. Capital Equipment:

1. *Incubator, air, o operate at 35° + 0.5°C
2. *Oven, hot air, terilizing!drying,to give uniform temperatures and with

suitable thermometer to regi r accurately in range of 160-180°C
3.**Autoclave, providing uhiform t peratures up to and including 121°C,

equipped with an accurate thermo eter, pressure gauges, saturated steam

400 4. Balance, 0.1 g sensitivity at load of 150 g
5. pH Meter, accurate to at least 0.1 pH unit, with standard pH reference

solution(s)

power lines and capable of reaching required temperature within 30 minutes

6. Water-tlistillation-apparatus, (glass or tin), or source of distilled
water suitable for bacteriplogical'operations,

7. Microscdpa, compound, oil immersion lens, Abbe condenser

B. Reusable Supplies:-,'

1. Apron or c suitable for laboratory
2. Baskets, wire for discarded cultures
3. Tubes,bculture*,*°150 x 18 mm (metal caps for fermentation and screw-cap

for slants)

4. lube§,-fermentation*, 75 x 10 mm vials to be inverted in culture tubes
) 5. Inoculation loop and needle, 3 mm diameter for loop and both of nichrome or

-platinum-iridium wire, 26 B&S gauge, in holders
6. Hotplate with magpetic whirl feature, if deiired

4* 7. burner, gas, Bunsbn burner type
8. Sponge, for cleaning desk top
9. Counter, colony, puebec.type, Darkfield Model with guide plate
10. Racks, culture type*, 10 x 5 openings,'to accept tubes at least 25-mm in

diameter
11. Pan, to. receive discarded contaminated pipets and glassware (must contain

disinfectant before use)
12. *Flasks, Erlenmeyer, 500 ml; 300 ml; 250 ml
13.,*Cylinder, 500 ml; 250 ml

C. Consumable,Supplies:

'1. Bibulodi paper
2, Dishes, petri, 1'00i 15 mm sterile plastic, disposable
3. Disinfectant, for bench tops. (Can ,use household bleach solution prepared

according to instructions on bottle.)
4. Distilled water, suitable for bacteriological cultures (Note distillation

apparatus required in capital equipment.)
5. Eosin, methylene blue agar, dehydrated (Levine modification)
6. Gram staid solutions, complete set

7. Lactoselauryl Sulfate,Tyrptose proth, dehydrated
8. Nutrient agar, dehydrated
9. Slides, microscopic, glass)" x 3"

135
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WATER MONITORING PROCEDURE:. Completed Test for the MPN Method

10. Foil, aluminum ,

11. Matches or striker
12. Wax pencils (recommend soft as equivalent to Blaisdell 169T)

*Items marked are needed in quantities or require size or space allowances which
cannot be specified here, as they vary according to the daily analysis schedule.
As a rule-of-thumb, space /size or quantity requirements should be at least 3 times
the normal daily requtrements. For further information on specifications for,
equipment and supplies, see the Microbiology Section.of the current edition of
"Standard Methods for the EXamination of Water and Wattewater."
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WATER MONITORING PROCEDURE: Total Coliform Test by the Membrane Filter Method

Equipment and Supply Requirements.

A. Capital Equipment:

1. Autoclave, steam, prdviding uniform temperatures up to and including . I

121°C and equipped with an accuratethermometer, pressure gauges,
saturated steam power, lines and capable of reaching required temperatures
within 30 minutes. (Alternately, a suitable pressure cooker is acceptable--

, see Standard Methods for particulars.)
2. Incubator, air, providing uniform and constant temperature of 35°C. "

+0.5°C and having an atmosphere of at least 90% relative humidity. ,
3. Oven, hot-air, providing uniform temperatures within the range of 160-180°C
4. Apparatus, water distillation, distilled water product suitable for

gbacteriological operations (alternately, a suitable source is permissible).
5. Microscope-, stereoscopic, 10X,to 15X magnification with fluorescent

lighting mandatory. (Alternately, a suitable magnifying lens with
; fluorescent lamp is acceptable.)

6. Refrigerator, set for-less than 10°C but above the freezing temperature.
7. Vacuum source, preferablia pUmp assembly with suitable hoses and shut-off

valvelrovided. (Alterriately, an aspirator or hand pump with the same.
.provisibns ere acceptable.)

8. Balance, analytical, sensitivity of 1, mg.
.t l 9. Gas source, suitable for burner. (Alternately, an alcohol lamp can be

used.)'

B.,Reusable Supplies:

1. Apron, suitable for laboratory operations.
2. Bottler sample, of sufficient size for standard sample, preferably of

250 ml, wide-mouth, glass stopper, with tag. (Alternately, 120 ml size)
3. Bottle, squeeze type,ontaining disinfecting solution.
4. Burner, gas,, suitable for laboratory operations with connecting hose.
5. Thermometer, NBS*(dr NBS calibrated)', functions within 20°-60°C range

with individual^ markings of 1°C.

6.. Thermometer, NBS (or NBS calibrated), fu nctions within 150°-190°Zrani(
with indiy_idual markings of 1°C.

,
7. Filtration Unit, MF, a seamless funnel attached to a receptacle bearing

410-
--.

a porous plate (screen, porous disc, etc.) and-constructed, from stainless
steel, glass, porcelain, plastic, or other suitable material.

, 8. Hot plate, controllable heat range up to the 100°C range.
9. Balance, trip, sensitivity of 0.1 gram at a load of 150-grams, with

appropriate weights.

4410. Meter, pH, accurate to within 0..1 pH unit, with suitable standardpH
reference solution(s).

11..Can, pipet, non-toxic and sterilizable materials(if pre -sterilized
disposable type pipets are used, this item is unnecessary), .

12. Pan, discard, receivescoritaminated material and pipets and contains
disinfectant. Should be presufficient length to receive pipets placed
horizontally. . .

.

":13. Cylinder, graduated, 500 ml, 100 ml, 50 ml, and 25 mrsize.
(The50ml size is covered with a "cap" of foil or Kraft yeper and
then sterilized.)' .

19-10
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fr:
WATER MONITORING PROCEDURE: Total Colifon; Test by the Membrane Filter Method

Equipment and Supply Requirements (C9ntinued)'

14, Blank,' dilution water, 99 ml.

15. Pipets, microbiological, 50. ml, with 0.1 ml; graduations, sterile cotton
plugged, glass or disposable type (the disposable types are for one time
use and may be glass or plastic).

16: Pipets,*microbiological, 1.0 ml, with 0.1 raduations, sterile cotton
plugged, glass or disposable types (the disposable tylpes are for one time
use and may be glass4or plastic).

17., Pipets, microbiological, 10 ml, with 1 ml graduations, sterile, cotton
plugged, glass or disposable types (the disposable types are for one-time
use and may be glass or plastic).

18. Beaker, 50 ml (for measuring pH).

19. Flask, volumetric, 1 liter capacity (for stock solution of phosphate
buffe).

20. Flask, Erlenmeyer, 500 ml capacity (for holding buffered distilled rinse
water).

21. Flask, sidearm, 1 liter size (for reservoir of MF apparatus; proper size
bored, rubber stopper is needed to connect MF -filtration flask to flask
and hose required to vacuum soirce (must be rigid enough to avoid collapse
under vacuum and fleRible enough to be controlled by pinch clamp) pinch
clamp - vacuum control.

22. Flask, EripeMeyer; 50 ml (for preparing M-EMDO medium).
23. Forceps, curved end, round tip.
24. Bottle, small, Methanol or Ethanol volume to cover'ends of forceps.
25. Sponges small, to spread and wipe germicide.
26.. Desiccator, media storage, ideally opaque or darkened and containing

desiccating agent to remove moisture.'

C. Consumable Supplies:.

1. Dish, petri, disposable, tightfitting plastic, 50 x 12 mm, sterile.
2: m-ENDO Broth, medium, dehydrated, total coliform. Distributors, Difco,

BBL, or other equivalent preparation..
3. Pencil, wax, recommended of soft wax equivolent,t laisdell 169T.
4. Tags,' bottle marking.

5. 'Glass Wool.

6. Cotton,,non-absorbent.
7. Piper, Kraft wrapping.
8. Foil, aluminum, heavy duty.

- 9. Matches-or striker,
10. Towels, paper.

11. Detergent, non-toxic, laboratorY cleaning.
12. Data Sheet, as required by analyst's agency. . ,

13. Filter, membrane, 47mm, 0.45 pmr-pore size, white, grid marked, sterile.
14. Pad, absorbent, 48 mm, sterile (usually included with membrane packet).
15. Potassium Dihydrogen Phosphate (KM2PO4), recommended 1/4 lb.

1.6. Sodium Thiosulphate (Na2S203SH20).

17. Disinfectant, for bench tops and decontaminating purposes, bleach of
household strength and prepared according to label directions. -

18. Sodium Nydroxide,(Na0H), 1N. .

19. Distilled water,'suitable for bacteriological pperations. Obtainable
from distillation apparatus (see Capital Equipment) or suitable.source
of-§UOply.

- 139
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WATER MONITORING PROCEDURE: TotalColiform Test by the Membrane Filter Method

Equipment and Supply Requirethentt (Continued)

20. Magnesium Sulfate (MgSO4.7H20).
21'. Ethanol, 95%.

4

e

s.

Item needs in quantities or required size or space allowances cannot be specified,
as they vary, according to the daily analysis schedule.' As a yule-of-thumb, space/
size or quantity requirements should be at least 3 times the normal daily require-
ments. For further information on specifications for equipment and supplies, see
the Microbiology Section of the-current edition of Standard Methods for the
Examination,of Water, and Wastewater.

39
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LABORATORY SAFETY PRACTICES

I INTRODUCTION

A Safe Use; Handling and Storage of Chemicals

1 Chemicals in any form, can be safely
stored, handled, and used if their
hazardous physical and chemical -
propertiesare fully understood and the
necessary precautions, including the
use of proper safeguards and personal
protective equipment are obserVed.

2 The management of every unit within a
manufacturing establishment must give
wholehearted support to a well integrated

,safety policy.
.

B General Rules for Laboratory Safety

,1 Supervisory personnel should think
"safety." Their attitude toward fire
and safetystandard practices is reflected
in the behaviqr of.their entire staff.

2 A safety program is only as strong as
thg worker'srwill to do the correct
things att the right time.

3 The fundamental' weakness of moat
safetyprograms lies- in too much lip
service to safety rules and not enough
action in putting them into:practice.

et)? practices)3hould be practical and
orceable.

5 Accident prevention is based on certain
common standards of education training
of personnel and prqvision of safeguards
against accidents.

II
<

LA BORkTORY DESIGN AND EQUIPMENT

A Type of Construction

3 Stairways enclosed with brick or
cpncrete walls

4 Laboratories should have adequate exit
doors to permit quick, safe escape in
an emergency and to protect the
occupants from fires or accidents in
adjoining rooms. Each room should be
checked to make sure there is no
chance of a person being trapped by
fire, explosions, or release of dangerous
gases.

5 Laboratory rooms in which most of the
work is, ..rfried out with flammable
liquids br gases should be p5ovided
with explosion-venting,win dow s

B Arrangement of Furniture and Equipment

1 Fire-resistant or noncombustible

. 2 Multiple story buildings should have
adequate means of exit.-

.

140

1 Futiliture should be arranged for
maximum utilization of available space

'arid shoullf provide 'working conditions
that are efficient and safe.

2 Aisles between benches should be at
least 4 feet wide to irlovide adequate
room for passage of personnel and

'equipment.'

3 Desks should be isolated from benches
or adequately protected.

4 Every laboratory should have an eye-
wash station and a safety shower.

1.4

1 Adequate hood facilitiei shouldbe
installed where work with highly toxic
or highly flammable materials are used.

Hoods and Ventilation

...
2 Hoods should be ventilated separately

and the eihaust should be terminated
:, at a safe distance from the building.

3 Make-up air should be supplieIto
roonis or to hoods to replace the
quantity of air exhausted through the
hoods.

O
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Labo tory Safety Practices

o

OP

Hood ventilation systems are best
designed to have an air flowoi not less
than 60 linear feet per minute across
the face of the hood, With all doors open
and 150, U toxic materials are involved.

5 Exhaust fans should be spark-proof if
'exhpisting flanimable vapors and
corrosive resistant if handling corrosive
fumes.

Controls for an services should be
located at the front of the hood and
should be operable when the hood door
is closed.

All labbratory roo s should have the
air changed contin ously at a rate
depending on the terials being
handled.

D Electrical Services

Electrical outlets should be placed
outside of hoods to afford'easy access
and thus protect them from spills and
corrosion by gases.

2 Noninterchangeable plugs should be
provided for multiple electrical services.

3 Adequate outlets should be provided'and
should be of the three-pole type to
provide for adequate grounding.

o

E Storage

1 Laboratories should provide for adequate
storage space for mechanical equipment
and glassware which will be used
regularly.,

2 Flammable solvents should not be stored
; in glass bottles over one liter in size:

Large quantities should be stored in
metal safety cans. Quantities requiring
containers larger than one gallon should
be stored outside the labgratory.

3 Explosion p f refrigerators should be
used for th¢ storage of highly volatile
and 'flammable solvents.

19-14

-4 Cylinders of compressed or liquified
gases should not be stored in the
laboratory.

F Housekeeping

1 Housekeeping plays an important role
in reducing the frequency of laboratory
accidents. Rooms stiould be kept in a
neat orderly condition. Floors, 'shelves,
and tables should be kept free from
dirit and from all apparatus and chemi-
cals not in use.

2 Al cluttered laboratory is a tangerous
place to Maintenance of a clean
;and orderly w rk space is indicative of
interest, personal pride, and safety-
mindedness. 4.

a . Passageways should be kept clear to all
building exits and stairways.

4 Metal containers should be provided for
the disposal (1 broken glassware and
should be properly labeled.

5 ",Separate approved waste disposal cans,
"should be provided for the disposal of
waste chemicals.

6 Flammable liquids not miscible with
water and corrosive materials, or
compounds which are likely to give off
toxic vapors should never be poured
into the sink.

G Fire Protection

1. Laboratoi7 personnel should be
adequately trained regarding pertinent
fire hazards associated with their work.

2 Personnel should know rules of fire
prevention andmethods of combating

3 Fire extinguishers (CO2 type) ghoul&
be provided at convenient and
personnel should be inst in their
uie".

4 Automatic sprinkler systems are
effective for the control'of fires in
chemical laboratories.

141

z

a

"1.



....

,

. 1'

H Alarms

1 An approved fire alarm system should
be provided.

Wherever a hazardcf accidental release
of toxic gases exists, a gas alarm
system to warn occupants to evacuate
the,building should be provided.

3 Gas masks of oxygen or compressed air
type should be located near exits and
selected personnel trained to use them.

III HANDLING GLASSWARE

A Receiving, Inspection and Storage

1 Packages containing glassware should
be opened and inspected for cracked or
nicked pieces, pieces with flaws that
may become cracked in use, and badly
shaped pieces.

2 Glassware should be stored on well-,
lighted stockroom shelves designed and
having a coping of sufficient height
around the edges to prevent the pieces .

from falling off.

B Laboratory Practice

1 Select glassware that is designed for the.
type of work planned.

2 To, ut glass tubing or a rod, make a
straMit. clean cutoith a. cutter or file
at the point where the piece is to be
severed. Place a towel over the piece
to protect the hands and fingers, then
break away from the body.

3 Large size tubing is cut by means of a
heated nichrome wire looped around.the
piece at the point of Severance.

4 When it is necessa to insert a piece
of glass tubing or rod through a
perforated rut) or cork stopper,
select the correct bore so that the
insertion can be made without excessive
strain.

4

.

Laboratory Safety Practices

5 Use elSctric_mantels for heating
distillation apparatus, etc. °

6 To remove glass splinters, uqe a
whisk broom and a dustpan. Very
small pieces can be picked up with a
large piece of wet cotton.

IV GASES AND FLAMMABLE SOLVENTS

.A Gas Cylinders

1 Large cylinders must be securely
fastened so that they cannot be dis-
lodged or tipped in any direction.

2 Connections, gauges, regulators or
fittings used with other cylinders must
not be interchanged with oxygen
cylinder fittings because of the possi-
bility of fire or explosion from a
reaction between oxygen and residual
oil in the fitting.

3 Return empty cylinders promptly with
protective caps replaced.

B Flammable Solvents

1 Store in designated areas well
ventilated.

2, Flash point of a liquid is the temperature
at which it gives off vapoesufficient to
form an ignitible mixture with the air
near the surface of the liquid or within
the vessel used.

3 Ignition temperature of a substance is
the minimum temperature required to
initiate or cause self-sustained com-
bustion independently of the heath or
heated element.'

4 Explosive or flammable limits. For
most flammable liquids, gases and
solids there is a minimum concentration
of vapor in aiNipr oxygen below which
propagation of flame does not occur on
contact with a source of ignition.
There is also a maximum proportion of
vapor or gas in air above which

142
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Laboratory SafetyPractibes

o

propagation of flame does not occur.
These lirdit mixtures of vapor or gas
with air, which if ignited will just
propa ,gate flame, are known as the
"lower and higher explosive or flammable
limits."

5 Explosive Range. The difference
between the lower and higher explosive
or flammable limits, expressed in
terms of percentage of vapor or gas in
air by volume is known as the "explosive
range."

6 Vapor Density is the relative density-
of the vapor as compared with air.

7 Underwriter's Laboratories Classification
is a standard classification for grading
the relative hazard of the various
flammable liquids. This classification
is based on the following scale.:

Ether Glass 100

basoline Class 90 - 100

Alcohol (ethyl) Class 60 - 70

Kerosene Class 30 -. 40
Paraffin Oil Class 10 20

8 Extinguishing agents

V CHEMICAL HAZARDS

A Acids and Alkalies

1 Some of the most hazardous chemicals
are the "strong" or ilmineral" acids
such as hydrochloric, hydrofluoric,
sulfuric and nitric.

2 OrganiC 'acids are less hazardous
because of their comparatively low
ionization yotentials. However, such
acids as phenol (carbolic acid),
hydrodyagic and oxalic are extremely
hazardous because of their toxic
properties.

o.
3 Classification of acids

19-16
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B Oxidizing Materials

1 Such oxidizing agents as chlorateti,
peroxides, perchlorates and perchloric
add, in contact with organic matter
can.cause explosions and fire.

2 They are exothermic and dee/an:Close
-rapidly, liberating oxygen which reacts
with organic compounds.

3 Typical hazardous oxidizing agents are:

Chlorine Dioxide
Sodium Chlorate
Potassitun Chromate
Chromium Trioxide
Perchloric Acid

C Explosive Power

1 Many chemicals are explosive or form
compounds that are explosive and
should be treated accordingly.

2 A few of the more cothmon examples
of this class of hazardous materials are:

A cetylides
Silver Fulminate
Peroxides
Peracetic Acid
Nitroglycerine
Picric Acid
Chlorine and Ethylene
Sodium Metal
Calcium Carbide

D Toxicity

1 Laboratory chemicals improperly
stored or handled can cause injury to
personnel by virtue of their toxicity.

2 Types of exposure. There are four
types of exposure to .chemieaps:

a Contact with the skin and eyes
b Inhalation
c Swallowing

d Injection

i43
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Laboratory Safety Practibes

. VI PRECAUTIONARY MEASURES

1
A Clothing and Personal Protective Equipment

1 Chemical.laboratories shouldhave We
special protective clothing and equipTnent
readily available for emergency use and
for secondary protecti of personnel
Working with hazardous aterials.

a
2 Equipment should be provided for adequate:

a .Eye protection

b Body protection
c Respiratory protection

,d Foot protection

e Band protection

B Bodily Injury

1 Burns, eye injuries, and poisoning are
the injuries with whicb laboratory
people must be most toncei-ned

tt

i

4

O

-4

S

2 First emphasis in the ldborittory
shOuld be on preventing accidents.
This means observing all recognized
safe practices using necessary personal
prhtective equipment and exercising
proper control over poisonous sub-
stances at the source of exposure,

3 So that a/physician can be summoned
promptly, every laboratory should have
posted the names, -telephone numbers,

Nand addresses of doctors to be called,
in an emergency requiring medical care.

REFERENCES

Guide for Safety in the Chemical Laboratory,
the General Safety Committee of the
Manufacturing Chemists Association, Inc.,
Van Nostrand, New York (1954).

This outline was prepared by Paul F. Hallbach,
Chemist, National Training and OpeAtional
Technology Center, MOTD, OWPC), VSEPA,
Cincinnati, Ohio 45268

Descr ?ptors: Safety, Laboratory, Practices
Safety/ Laboratory Design Chemical Storage,
Gas Cylinders, Flammable Solvents
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I IN DUCTION

TESTING ll'HE"SUITABILITY OF DISTILLED WATER
FOR THE BACTERIOLOGY LABORATORY .

A St and Methods for the Examination of
Wat r and Wastewater (12th Edition) states;

"Only distilled water or demineralized
water which has been tested and found free
from traces of dissolved metals and bac-
tericidal and inhibitory compounds may
be used for the preparation of culture media
and reagents. Bactericidal compounds may
be mealured by a biologic test procedure

" This outline describes a suitable
procedure.

B A need for such a test has been shown in
the lack of reproducibility Of "plate counts
land a possible cause of inconsistent re-
sults in spli ple examinations.

II THEORY OF THE T ST PROCEDUHE

A Growth of Aerobacter aerogenes in a
cheiiiically defined minimal- growth medium.

.... The addition of a toxic agent °I-a growth
promoting substance will alter the 24 hr
population by. an increase or decrease of
20% or more, when compared to a control.

III APPARATUS AND MATERIALS

A Glassware - rinse all glassware in freshly
redistilled water from a glaSs still. The
sensitivity of the test depends upon the
cleanliness oTthe sample containers,
flasifs, tubes, and pipettes. Use only%
borosilicate glEtssware.

B Culture - any strain of conform IMViC
type --++ (A.. aerogenes). This can be
easily obtained from any polluted river or ,
sewage sample..

W.BA.lab.12e.8.77

IV- REAGENTS

A Use reagents of the highest purity. Some,
brands of potassium dihydrogergfihosphate
(KH2PO4) have large amounts:Of impurities.
The sensitivity of the test is controlled in
part by the purity of the reagents employed.

1 Carbon source - Sodium citrate, reagent,
crystals (Na3C6H507 4120) 0.29 g
dissolved in 500 ml of-redistilled water.

. 241katz*gen source - Dissolve 0.60 g of
ammonium sulfate, reagent, crystals,
(NH4)2SO4) in 500 ml of redistilled
water.

145
%.4

3 Salt mixture solution -.Dissolve the
following compounds in 500 ml of re-
distilled water.

40'im
Magnesium sulfate, reagent, crystals
(MgSO4 7H20) 0.26 g.

Calcium chloride, reagent, crystals
(CaC1

2
2H

2 0) 0.17 g.

Ferrous sulfate, reagent, crystals
(FeS04 H

2
0)'0.23 g.

Sodium chloride, reagent, crystals
(NaC1) 2.50 g.

4 Phosphate buffer solution - Use a 1 to
25 dilution of a stock phosphate solution
prepared by dissolvineN34.0 gmof
potassium dihydrogen phosphate
(10.12PO4) in 500 ml of distilled water,
adjusting to pH 7.2 with 1 N NaOH and
diluting-to 1 liter, with distilled water.

5 Toxic control.- dissolve 0.40 grams
CuSO4 5H20 in 100 nil of 'redistilled
water: Dilute 1:1000 for,1 mg per liter
Cu before use.

AP.
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Testing the Suitabflity of Distilled Water

B Sterilization of Reagents

Unknown 4stilled water sample - either
.boil for one minute or sterilize by mem-
brane filt-ration.

prepare reagents with redistilled water
heated to boiling fo?' 1 to 2 minutes.
Phosphate buffer solution may be sterilized
by MF filtration_or boiling.

C Solutions are useful up to two weeks when
stored at 5 °C in sterilized glass stoppered
bottles. .Thp'salts solution must be stored
in the dark because sunlight results in
copious ferric ion. precipitation. g slight
turbidity arising in the first 3 - 5 days
does not detract from the usefulness of
the reagents.

PROCEDURE

A Collect 150 - 200 ml of water sample in a
sterile borosilicate glass flask and sterilize.
Label 3 flasks or tubes: A, B, and F.
Add water tnples and redistilled
water to eac ask as indicated at the
bottom of the page.

Media
Reagents

Citrate
Ammonium sulfate
Salt mixture
Phosphate buffer (7.

STANDARD TEST

Control

A

B Add a suspension of Aerobacter aerogenes
(IMViC type of such density that each
flask will contain 25 - 75 cells per ml.
Make an initial bacterial count by plating
a 1 ml sample in plate count agar. Incu-
bate tests- A-F at 32° or 35 °C for 20 1; 24
hr. Make plite counts using dilutions of
1, O. 1, 0.01, 0.001 and 0.0001 ml.

ti

VI PREPARATION OF A BACTERIAL
SUSPENSION

A Bacte'rial Growth

On the day prior to performing the distilled
water suitability test, inoculate a strain of
Aerobacter aerogenes onto a nutrient agar
slant with a slope of approximately 2 - 1/2
inches in length contained in a 125 mm X
16 mm screw cap tube. stiiikihe entire
agar surface to develop a continuous
growth film and incubate 18 - 24 hrs at
35 °C.

B Harvesting Viable Cells

Pipette'l - 2 ml of sterile dilutiodwater
from a.99 mlwater blank onto the 18-24
ht Culture. Emulsify the growth on the

Unknown Toxic
Dist. Water Control

B

Water, 1- sngpe per liter Cu
Unknown water

2.5 2.5
2.5 2.5
2.5 2.5
1.5 1.5

X Tip 21.0
21.0 fmoommra I X '

Redistilled water 21.0 X X ,

TOTAL, VOLUME 30.0 30.0 30.0

148
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OPTIONAL TEST

Food ,.-Nitrogen Carbon
Available Source u Source

C D E

X X
X

2.5
X 2. 5

2.5 2.5 2. 5
1.5 1.5 1 5

X x X
21.0 21.0 21.0
5.0 2.5 2. 5

30.0 30.0 \ 30.0

c

OPTIONAL TEST



[ 1 mlj
missalso

. slant by gently rubbing the bacterial film
with the pipette,' being careful not to tear
the agar, and pour the contents back into
the original 99 ml water blank.

C Dilution of Bacterial Suspension

Make a 1 - 100 dilution of the original
bottle into a second water blank, and a
further 1 - 100 dilution of the second
bottle into a third water blank, shaking
vigorously after each transfer. Then
pipette 0.1 nfl of the third dilution
(1:1, 000, 000) into each of the flasks A,
B, and F (see Standard Methods for
Examination of Dairy Products, 12th ed. ).
This procedure should result in a final
dilution of the organisms to a range of
25-75 viable cells for each ml of test
solution. ,k

D VerifiCation of Bacterial Density

Testing the-Suitability of Distilled Water

-Variations among strains of the same
organism, different organisms, media,

-and El urface area of aglir slopes will
possibly necessitate adjustment of the
dilution procedure to arrive -at a specific
density range between 25/ 75 viable Cells.
To establish the -growth range numerically
for a specific Organism and medium, make
a series of plate counts from the third
dilution to determine the bacterial density.
Then Choose the proper volume, from this
third dilution which when diluted by the 30
nil in the flasks A, B, and F will

1,3

147

contain 25 - 75 viable cells per rill. If
the procedures are standardized as to .

surface area of the slant and laboratory
technique, it is possible to reproduce re-
sults on repeated experiments with the
,same strain of microorganisms.

E Procedural. Difficulties:

r Chlorine or chlor e distilling over
into receiver. Di tilled water should be
checked by a suitable quantitative pro-
cedure like the starch-iodide titration. ..
If chlorine isfound,.sufficient sodium thio-
sulfate or sodium sulfite must be ad5lea.

2 UnknoWn.....t et sample stored in-soft
glass containers oeglass containers
without liners for metal caps.

3 Contianination of reagents of distilled
water with a bacterial background.

4 Incorrect dilutidn of A. aerogenes to
get 25 - 75 cells per u 1. .?

5 Gross contamination of the sample de-
termined by the initial colony count be-
fore incubation.

F Calculation:

1 For groyfth inhibiting substances:

colony coant per. ml Flask B
colony count per ml Flask A

a Ratio 0:8 to-142 (inclusive) shows
no toxic substances.

i
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Testier Suitability of Distilled Water

-.110 It

'b Ratio,' less than 0. 8 shows growth
inhibiting substances in water sample.

2 For toxic control

colony count per ml Flask F
colony count per ml Flask A Ratio

3

4

5

OPTIONAL TEST

*For nitrogen and carbon sources that
promote growth**

colony count per ml Flask C
colony count per ml Flask A

*For nitrogen sources that promote
growth**

colony count,per ml Flask D
colony count per ml Flask A Ratio

.*For carbon sources that promote
bacterial growth**

colony count per ml Flask E
colony count per ml Flask A =' Ratio

G ItiterpretatIon of Results:

1 The colony count from Flask A after
20 - 24 hours, at 350C will depend on
the number of cirginisms initially
planted in Flask A and on the strain of
aerogenes used in the test procedure
This is the 'reason the control Flas A
must be run for each individual se ies
of tests. However, for a given, st in
of A. aeiogenes under identical
environmental conditions, the terminal
count should be reasonably constant
when the initial plant is the same.

I
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2 When the ratio exceeds 1.2 it may be
assumed that growth stintulating113b-,
stances are present. However, this
procedure is an extremelysenlitive
test and ratios up to 3.0 would 'have
little significance in actual practice.
Therefore, Test C, D, and E do not

- appear necessary except in special
circumstances, when the ratio is
between 1.2 and 3.0.

--P

3 Usually Flask C will be very loud and
flasks D and E will have a rati of less
than 1.2 .when the ratio of Fl
Flask A is between 0.8 1.2. The
limiting factors of growth in Flask A
are the nitrogen and organic carbon
present. An extremely large amount
of ammonia nitrogen with no organic
carbon could increase the ratio in
Flask D above 1.2 oithe absence of
nitrogen with high car'bbn concentration
could give ratios above 1.2 in Flask;
E with an A/B ratio'between 0.8 and

' 1.2.

4 'A ratio below 0.8 indicates the water
contains toxic substances and this ratio
includes all allowable tolerances.., As
indicated in item 2 (above), the 1;2
ratio could go as,high as 3.0 without
any undesirable results.

5 We are unablteto, recommend corrective
measures in specific cases of defective
distillation apparatus. However, a
careful inspection of the distillation
equipment and a review of production
and handling)* th= distilled, ater
should enabl local laboratory
pers nel to correct the cause of t
difficulty.

Thus, it is essential that theinitial
colony count on flak A' and Flask B
should be approximately-.equal to secure
accurate aata. ,

*DO ribt attempt to calculate ratios,, 3, 4, or
5 when ratio 1 indicates a toxic reaction.
**Ratio in excess of 1.2 indicates available
source for bacterial growth.

6



Testing for Suitability of Distilled Water

CASE EXAMPLES

Test results for various distilled water samples

TEST CONTROL
SOURCE COUNT COUNT (

1

1. 2

3

< .100 120, 000

74,900 170, 900 .0.4

18, 000 14, 000 1.3

21, 000 14, 000 1. 5

310, 000 60, 000 ^5.2
...-850, 000 37, 000 22. 9

1 Standard Methods for Examination of Water
and Watitewater. 12th,Edition. 1965.
p 578. 1

. t.

I

,s
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INTERPRETATION

Toxic Substance

Toxic Substance

Excellent water

Excellent water

Growth Substance

Growth Substance

2 Geldreich, E. E. and H.4. C'lark. Dis-
tilled Water Suitability for Microbiologi-
cal Applications. Journal Milk and Food
Technical.' In Press. 1965.

This outline was orenstrorl by E, E Gpirirpieh.
Chief Bacteriologist, Water hupp17,P151gMas
Biirision, WPO, EPA, Cincinnati," OH 45268. ,

x 149 t,. ,

Descriptors: Bacteria, Microbiology,
Laboratory, -Water Supply, Distillation,
Water Quality Control

s

A

.

19-23



41$

GUIDELINES FOR
INSTRUCTIONAL PACKAGE WORKSHEET

I. SUBJECT. MATTER: Colony-Counting on MF (Membrane Filters)

II. UNIT OFINSTRUCtION: Summary of Topic Presentation

III. ESTIMATED TIME: 40 minutes

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: Coverage of this subject-
will- ive the participant the background knowledge necessary to recognize
and enumerate appropriate colonies and obtain counts per 100 milliliters

-.Mr the selected'membrane:

V. ENTRY LEVEL BEHAVIOR:

A. None required.

VI. INSTRU 'NAL OBJECTIVE:
41b

A. Te inal Behavior: The participant will be able to distinguish between
c teristic and uncharacteristic (or background) colonies for the
i dic4tor bacteria on tbpir particular.selective medium. He/she will
selectothe suitable membrane for counting purposes and obtain the mem-
brane count per 100 milliliters l'or recording purposes`.

B. _Conditions: Instructional material as covered in Course Training
Manat.

C. Acc pied Performance: In attendNce to the lecture material covering'
subject matter.

VII. INSTRUCTIONAL RESOURCES:

A. Media:
-

.

1. Training Manual Outline: Colony Counting on Membrance Filters

, 2. 17 slides of X-33 Series: MF Colony Counting

B.' Suggested Media:

1. None

VIII. INSTRUCTIONAL APPROACH:

A. Preparation for I uction:

, 1. Review visuafd written material and prepare lesson.

2. Sequence slides as desired and place flyslide tray.

B. Sequencing;

, 1. Ise of Training Manual Outline information:

, W.BA.mem.ipw.5.1.79

150
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a. Introduction

b. 'Removal of Cultur fromIncubator

c. Drying Filte before Colony Counts

=4441145.

d. Selection of. Acceptable MembrAne Filter Culture for EAmination

1) Non-Quantitative Tests

2) Quantitative TeSts

e. Typical' Calculations

. 2. X-33 Series: MF Colony Counting:
, .

a. Use of Grid System in Counting (X33 -1 to X33-2)

b. Stereoscope and fluorescent light orientation (X33-3).

c. Coliform colonies usingrincandeScent light (X33-4)

d, m-ENDO medium. showing extreme background growth (X33-5)

e. 'TNTC (too - numerous -to count) m-ENDO plate (X33-6)

f. m-ENDO medium. Colonies shbwing light reflection without
sheen (X33-7)

g. m-ENDO medium. Confluency'and light reflections (X33L8).

-h. m-eNDO medium. Confluency (X33-9)
.

.

m-ENDO medium. Sample volume'concentraiion in portion of
working .area. (X33-10)

j. m-ENDO medium. Air-bubble Under membrane (X33-111 :

k. m-ENDO medium. Countable pfate (m-ENDO) with.good colony
distribution (X33-12) . I

1. MFC medium. Some c6nfluency (X33-13)

m. MFC medium. Good distribUtibn. andand "y" indicate back-
ground growth. (X33-14)

n. KF Agar:\\Overloaded TNTC plate (X33-15)

o. KF Agar. TNTC plate with good distribution of colonies (X33-16)
. . .

p. KF Agar.' Countable 'plate tth good distribution of colonies
(X33-17)

IX. IPW EQUIPMENT AND SUPPLY REQUIRtMENTS:

A. Classroom-equipment and supplies; '15,
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1. Slide projector and tray.

2. Blackboard and chalk

X. IPW REAGENT REQUIREMENTS:

A. None required.

XI: DESCRIPTION OF VISUAL MATERIALS:

A.. 17 Slides, X-33: Colony Counting on MF

1. Slide:X33-1: Effective Filtering Area and Colony Counting Pathway

.2. Slide X33-2: Visually Placing Colonies Within Various Grids for
Counting Purposes

3; Slide 133-3: Stereoscope and Fluorescent Light Orientation

4. Slide X33-4: Appearance of Typical Coliform Colonies Under
Incandescent Light Source

5. Slide X33-5: wENDO medium showing. too-numerous background growt

6. Slide X33-6: TNTC m-ENDO plate

7. Slide X334: m-ENDO plate with examples of light reflection from
colonies without sheen

8. Slide X33-8: m-ENDO plate showing examples of confluent colonie
and light reflection

. 4

9. Slide X33-9: m-ENDO medium showing confluent colonies

;10. Slide X33-10: Sample volume concentration in portion of working
area

11. Slide X33 -11: Air Bubble under Membrane

12. Slide X33-12i Countable Plate (m-ENDO) with Good Colony.Distri ution

13. Slide X33-13: MFC Medium showing some Colony Confluency.,

. 14. Slide X33-14: MFC Medium showing good colony distribution. "x" and
"y" indicate background growth.

15..Slide X33-15: KF Agar. Overloaded TNTC plate

16. Slide X33-16: KF Agar. TNTC plate with good distribution of
colonies

17: Slide X33-17: KF Agar. Countable plate with good distributio of
colonies .

152
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GUIDELINES FOR
INSTRUCTIONAL PACKAGE WORKSHEET

I. SUBJECT MATTER: Selection of Sample Filtration Volumes for Membrane
Filter Methods

41;

II. UNIT OF INSTRUCTION: Summary of Topic Presentation

III. ESTIMATED'TIME: 30 minutes

1J. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: Participant will be
ware of the importance and calculation of sample volumes regarding the
use of the membrane filter method.

V. ENTRY LEVEL BEHAVIOR:

A. None required.

VI. INSTRUCTIONAL OBJECTIVE:

A. Terminal' Behavior: The participant will be aware of the relationship
of sample volumes to obtaining countable MF plates. He/she will be
able to .calculate sample volumes when the count/100 ml is known for a
particular bacteriological parameter.

B. Conditions: Instructional material as coveted in Course Training Manual

C. Accpeted Performance: In attendance to the lecture material covering
subject matter.

4
INSTRUCTIONAL RESOURCES:

A. Available Media:

1. Training Manual Outline: Selection'of Sample Filtration'Volumes
for Membrane Filtee"Methods.

B. Suggested Media:

1. None-required.

VIII. INSTRUCTIONAL APPROACH:

A. Preparation for Instruction:

1. Review written material and prepare lesson.

D. Sequencing:

1. A convenient approach to this subject would be to follow the order
of presentation as per the outlinefin the Course Training Manual:

a. Introduction

1) Wide range of filtration volumes

W.BA.sa:lpw.3.1.79
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b.

2) Filter limitations with respect to number of colonies

3) Formula for proportionality between colony counts and
filtration volumes

.Bacterial-Density

1) Minimum number of colonies

2) Maximum number of.coloies

c. Suspended Matter

d. Range of Bicieriat Densities Covered by Single-Volume
Filtrations

e.. Application of a Series of Filtration Volumes

1) Total Coliform

,2) Fecal Coliform

'3) 'Fecal Streptococci,

f. Selecting Filtration'Volumes for Membrane Filter Tests

1) Total Coliform

2)- Fecal Coliform

3) Fecal Streptdcocci

IX. IPW EQUIPMENT ANCY'SUPPLY_REQUIREMENTS:

f
A. Classroom Equipment and Supplies

I. Blackboard and Omit

X. IPW REAGENT REQUIREMENTS:

A. None required.

XI. DESCRIPTION OF VISUAL MATERIALS:

A'. None required.

21-2
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SUBJECT MATTER:- Advance Preparations for Day Three. Laboratory

WHEN ACCOMPLISHED: Approximately 1 hour prior to Day Three Laboratory

ACCOMPLISHED BY: Staff

TIME REQUIRED: '1 Hour

PREPARATION REQUIRED REMARKS

Remove any verification tests
from incubator and place at
proper postion.

Remove 72 hour MPN tests from
incubators and place each test
rack at the proper position.

Collect sample for MF Testing

Place 6 KF agar plates/position

Have laboratory operational fqr
laboratory studies-

4.t

,..

155
W.BA.mpn.lab.ipw.3.1.79

r1

4
4

,

.

Y.

OA

,)

IV

k

MS

Approximately,4 liters, well mixed, and
placed in individual sample bottles.
Identical sample site as was collected
on Day Two '-

KF Agar pre-prepared by staff
,

1. MF Test equipment/supplies et each
laboratory position

2. Incubators operational
3. ME data sheets distributed

.

C

22-1
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GUIDELINES FOR
INSTRUCTIONAL PACKAGE WORKSHEET

I. SUBJECT MATTER: Laboratory Briefing-for Day Three

II. UNIT OF INSTRUCTION: Summary of Topic Presentation

III. ESTIMATED TIME: 30 minutes

IV. JeSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: To ensure, understanding
of previous laboratory work and to give a briefing for the work to be
accomplished during Day Three Laboratory.

. ENTRY LEVEL BEHAVIOR:

A. Having performed the preVious labor:atory assignments

VI. INSTRUCTIONAL OBJECTIVE:

A. Terminal Behavior: The participant will be acquanited with the various
areas of instructional material covered in the training course manual
and better be able tw'utilize them in an open book laboratory situation
which immediately follows the briefing session.

B. Conditions: Instructional material as covered;in various parts of
course training manual and as directedby-ierbal instructions.'

C. Accepted Performance: Utilization Of assigned pages of coUrse training
manual in conjunction with notes taken during briefing sessions.

VII. INSTRUCTIONAL RESOURCES:

A. Available Media:

I. irraining.ManualOutlines:

Outline

MPN Methods

Verified MF Tests

Detailed Membrane
Filter Methods

Colony Countingon
Membrane Filters

B. Suggested Media:

I. None

22-2

Section

72 hour examination
4iow

Verification of .

Fecal Coliforms

Tests for Fetal
Streptococci Group

Complete

157

. Purpose

Provides correct
procedural sequence.

`Continuation of

verfication procedures

Provides procedural
information'

Provides particulars
pn MF colony counting

Ces
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VIII. INSTRUCTIONAL APPROACH:

A. Preparation for Instruction:

1. Review agenda for time sequencing and written material for Content
and prepare briefing.

2. Prepare handout (or use blackboard, irdesired) indicating to
trainee the written material to review. An example of. such a
handout would be as follows:

Item tOutline and Pages Standard Methods (14th Edition)

MPN Methods Examination of. Water
(72 hr procedure) for Coliforms and

Fecal Streptococcus
Groups:

3-15; 3 -18; 3-20;

3-21; 3-24

MF Methods Detailed Plembrane
Filter Methods:

11-8; 11-9
11-11; 11-12

B. Sequencing:

916-917; 920-921; 922 943

b36-937; 944-945

1. MF Methods (LES Agar techniques and KF Agar techniques)

2. MPN Methods (72 hour test procedures),., ,

3. MF Colony Counting

4. Continue with MPN test.rack (the 72 hour examination procedures)

IX. -,IPW EQUIPMENT AND SUPPLY REQUIREMENTS:

A. Classroom Equipment and Supplies:

1. Blackboard and chalk.

2. Demonstration setup

X. IPW REAGENT REQUIREMENTS:

Nond required..

DESCRIPTION OF-VISUAL MATERIALS:

A. None required.
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Day Three Laboratory

A -

MPN TEix PROCEDURE :

Hour Examination

MF TEST PROCEDURES :

1. Run a given Sample for 6 sample
volumes and plate out within the
6 LES ENQO agar plates'which were
prepared on Monday'and saved. Use
sample volumes which are consistent
with Totalgcoliform counts observed
during the week as the same sample
location will be used for this
sample. Do not plate out on the
.ENDO.mediOm, but, instead, use an
LST saturated pad withirrthe cover

5C and just before leaving the
of, thi=dii% Maintain the plate

lab. ransfer to the LES medium and
disCkr the pad.

CoUnt and -cord the results of the
total coliform MF..plates'run Tuesday.

3. With a given sample plate-out i fecal

streptococci plates. The plates haVe
been. preparepared1and are 0 Agar.
The. sample is the same as that which is
used with the LES technique. above.

MF Verfication :

continue vertfiCatiOn test.

159

4 LST is lactose broth.

22-4

Appropriate samples volumes will be
given by instructor.
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, GUIDELINES FOR
,INSTRUCTIONAL PACKAGE WORKSHEET

I. SUBJECT MATTER: Collection and_Handling of Bacter-iologicale-Samples
-II. UNIT OF INSTRUCTION: Sulnmary of Topic Presentation

III. ESTIMATED TIME: 45 minutes

IV,- -JUSTIPICATION FOR THIS INSTRUCTIONAL OBJECTIVE: Knowledge of this materialallINS the participant to collect representative and uncontaminated samples
to be handled in a manner allowing sample processing which' more. nearlyrepresents the original sample.

V. ENTRY LEVEL BEHAVIOR:

A. None required.

VI. INSTRUCTIONAL OBJECTIVE:

A. Terminal Behavior: The participant will be"Anowledgeible' regarding thecurrent requirements for collection and handling 6'f bacteriological
samples as stipulated in Standard Methods for the Txamination of Waterand Wastewater (Editibn lawfully accepted in the Federal Register).

B. Conditions: Instructional material as covered in course training
manual and the availabiVy of the current edition of Standard Methods,for reference.

= C. 4Accepted Performance: In attendance to the, lecture material' coveringsubject material.

VII. INSTRUCTIdAL RESOURCES,

A. Available Media: .
1. Training Manua) out'tine: Collection and Handling of Bacteriological

Samples
,-

1 , 7 I 4

:Stati,dard Methodso.(ForAtie 14th Edition: pp'..,879; 884-886,
0 1 904-906) .1 t ,

'3. 14 aSl ide '.X38 Seri es ; 0 ,;.

- .,.
B.. ,Suggoted Media .

t
. "_,e, . .. 4 '

7 0 tA 0
1 1. None 'it: .t ,-/-q '/ r, : 4r, ..;' .i

.VIII. .INSTRUCTIONIAPP.RlACH':; . r i

0. A.. Pretaration for 'Instruction :.. °
Is = ... , 1 .,

1. reviePisyal and, written material and prepare lesson.
.

i... .
4-

. -P: ..
J . v L : Sequence sl ides -as 'desi red 'ind Klace i n sl ide. tray.

,.
f

-" 3. Prepare any hIndout Material s, if des4red, and Arrange to have an.

W.BA.sa.ipty.4,1:79

r
.

161 .
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adequate supply prepared.

4. xAssemble any desired demonstration equipment/materials and
arrange t have them available for the presentation.

B. Sequencing:

Clastroomfpresentation of X38 ----

a. Comparison of 12th Edition of Sta9teceMethods'to 1934
Ministry of Health (London, England)filide X38 -1.-

.

b. Changei froM 12th Edition 6 13th. Edition of Standard
Methods.- Slide X38-2.,

c. Examples of unacceptable sampling devices.
to X38-5.

d. Examples of acceptable sampling devices.
to X38-11.'

e. Obtaining frab'sample Slide X38-12'..

f. Improperly "deca *mg" sample to obtain air space: Also

"hood" separat from stopper. Slide X38-13.

g. Recorditig data on bottle label. Slide X38-14:

Slides i38 -3

Slides X18-5.

IX. IPW EQUIPMENT AND SUPPLY REQUIREMENTS:,

`classroom Equipment and ,Supplies.

1. Slide projector and trap
-

Blackboard andschalk.

X. IPW.REAGENT REQUIREMENTS:-

A. None required.'

XI. DESCRI(OiON OF VISUAL MATERIALS
.

, ,-

A. 14 slides, X-38: Collection'and Handl ng of Bacteriological Samples.

1.' Slide X38-1: Printing; -Comparison. of 12th Edition of-Standard.

. Method%to*1934 Ministry of Health'(London, England)...

*2.

A

Slide X38-2: °Printing: Reservation and storage, Changes from

12th Edition o Standard Methods to the 13th Edition.
It

o
,

3. Slide X38 -3: Photo: Spring:loided device.

4. Slide X38-4: Phot : Kemmerrer Sampler.

4
5. Slide X38-5: Photo: Van Dorn Device.

(162
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ti

6. Slide.X38-6: Photo:
position.

7. Slide X38-7:
position.

8. Slide X38-8:

"Lever - type's sampling device in "closed"
-

Photo: "Lever-type" sampling device in "open"

Drawing: Detail. of "Lever-typeb,\ sampling device.

9. Slide X38-9: Drawing: Detail of sterile'bottle in deviCe.'

10. Slide X38-10: Photo: Sterile bottle in model shop made
holding device.

11. Slide X38-11: Sterile bag sampler.
7

12. Slide X38 -12: Obtaining a grab sample.

13. SlideX38113: Erroneous grab sample
technique: "decanting sample" to obtain air space ant separating
hood from stopper. .

'

,14. Slide X38-14: Recording dat'a on bottle label.

.40 p.



I

GUIDELINES FOR
INSTRUCTIONAL PACKAGE WORKSHEET

_ISUBJECT-MATTER: Introduct ion-to- Stati st fts-and-Geopetrie-Mey

II. UNIT OF INSTRUCTION: Summary of Topic Presentation f"

III. .ESTIMATED TIME: 120 minutes

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE:-A basic knowledge of
statistics is essential in many survey operations, and, certain calcu-
lations, such as the Geometric,Means, is necessary in bacteriological
report computations:

V. ENTRY LEVEL BEHAVIOR:

A. None required.

VI. INSTRUCTIONAL OBJECTIVE:

A. Terminal Behavior: The participant will be acquainted' with the basic
terminology of statistics. He/she will have an understanding of the
measures of central tendency and be able to calculate the_Gedmetrc
'Means.

B. Conditions: Instructional material as selected by in4tructor and
may consist of handouts, 5(-T units (slide tape), and verbal instructions.

,C. AccepteNierformance: In attendance to the classroom session cover-
ing subject material.

VII. INSTRUCTIONAL RESOURCES:

A. Available Media:

1. Handout outline: Statistics for CheMists.

2. k-T Unit (slide tape): Geometric Mean_(iTf-a6)_3 tapeS___of 35_
minutes running time having, 78 slides,3 scriptsand a handout.
This unit can be requested on loan for review.

B. Suggested Media:

1. None

VIII. INSTRUCTIONAL PPROACH:

4--
'A. Pre aratio for Instruction :.

Read wr tten material which includes:

a! Out ne: Statistics for Chemists

b. ,X4 .of lthis IPW:
t

Description of XT-86 slides

ST.tpw.3.1.79 161
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2. Decision required: What'media will I use?.

a. None of the available media - proceed to prepare lesson as
. )desired to meek terminal behavior requir4Ment.

b. Outline only - Prepare required copies and proceed to prepare
less to meet terminal behavior requirement.

c. Outline plus-XT-86 Series - Prepare required outline copies;
Order XT-86 unit from NTOTC; and, after familiarization,
prepare lesson as patterned in VIII. B.

B. Sequencing:

1. Distribute copies of handout outline.

2. Utilize handout sequencing-to provide statistical basics.

3. _Distribute XT-86 handout (single copy is part of unit) to
participants (copies must be made prior to session).

4. Initiate programming of XT-86 unit as directed.

Note: The following information pertains to the XT-86
Geometric Means Unit. See XI for a brief description
of the slides.

Abstract: The instructional objective is to teach the procedure
for the calculation of the geometc mean of fecal
coliform counts when using ,logarithms. The viewer
may or may not have used logarithms',*but should be

able to.add a series of decimal numbers and divide
the total by some whole number. The procedure is
illustrated with examples. -Sample problems are to
be worked by the student after viewifig the progi-am.
Two checks for gross errors are given.

*For: Persons who have-a-secondary-education or equivalent

Notes: Time.of three tapes is 35 minute, with 78 slides,
°3 scripts and a handout.

IX. -IPW EQUIPMENT AND SUPPLY REQUIREMENTS:

A. For each student:

1. Copies of handout material:
.

a. Statistics for demists

b. XT-86 haddout

*If the participants have ,less than a secondary education, use XT-85.instead Wh
is intended for/ those with basic arithmetic skills only

°

I. 5*
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)3. For Classroom:

1. Blackboard and chalk

X. IPW REAGENT REQUIREMENTS:

A. None

XI. DESCRIPTION OF VISUAL MATERIALS:

A. XT-86 Geometric Means

Part 1

1. EPA Symbol (XT-86-I-4)

)1'k

2. Logo (XT-86-I-2)

3. Geometric Mean -Part, I (XT-86-I-3)

4. n Coliform Counts (XT-86-I-4)

5. Data Set - Two Counts (XT-86-I-5)

6. Data Set - Three Counts (XT-86-I-6)

7. Importance of n = 3 (XT-86-I-7) 4

8. Assumption (X)*-86-I-8)

9. 'Definition for Geometric Mean (XT-86-I-9)

10. Definition for Finding Geometric Mean (XT-86-I-10)

11. Fihding the Log in 5 Steps (XT-86-I-11)

12. How to Find C (XT-86 -I -12)

13. Finding dd(XT-86-L-13)

14. -Obtaining C (XT-86-I-14)

15. Calculating C(XT-86-I-15)

16. Write the Incomplete (XT- 86 -I -16)

17. Common Logarithms Using the "Phone Book " (Xf-86-I-17),

18. Locating the Mantissa (XT-86-I-18)

19. Examples of M-One Digit (XT- 86 -I -19)

20. Examples of M-Two Digits-(XT-86-I-20)

21. Explaining M Tables (XT-86-I-21)
ti

40,1W
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22. Another Example (XT-86-I-22)

23:--Fltal Example (XT-86-I-23)

Siimmary of Steps'- Steps Land 2 (XT-86-I-24)

25. Step 3 (Xf-86-I-25)

26. Steps,04 and 5 (XT- 86 -I-26)

ie. End of Part I (XT-86-I-27)

28. Clean H2O (XT-86-I-28)

Part II

1. EPA Symbol (XT-86-II-1)

2. Geometric Mean (XT- 86 -II -2)

3. GM Formula,(XT-86-II-3)

4. Getting Anti-Log in Six. Easy Steps (XT-86-II-4)

5. Three Simple Examples (XT-86-II-5)
2

6. First Step. - Determine M (First *Example) (XT- 86 -II -6)

7. Second Step - Locate M on Table (XT- 86- II -7).

.8. Step Two - Table of Common Logs. (XT-86-II-8)

9. Step Two - M = 11394 (XT-86-II-9)

10. Step Three - Determine N (u-86-II-10

11. Step Four - Find C (XT-86-II-11)

12. Step Five - Finding d (XT-86-II-12

11. Step Six - Locate Decimal Point (XT-86-II-13)

kftir
14. Step Six - Decimal Point Determined (XT-86-II-14)

15. Second Eximple - Steps One and Two (XT- 86- II -15)

16. Steps Three, Four, Five and Six (XT-86-II-16)

17. Third'Example - Steps One and Two (XT-86-II-17)

18. Steps Three, Four, Five and Six (XT-86-II-18)

19. Same Example, Changed Integer (XT-86-II-19)

20. Another Example with M the Same (iT-86-1120)

24:4 1 6.7



21, Summary of Getting Anti-Log(XT-86-II'-21)

ir
22. Summary Steps One and Two (XT-86 -II -22)

23. Summary - Steps. Three and Four (XT-86-II-23)

24. Summary - Steps Five and Six...(XT-86-11-24)

25. End Part II (XT-86-II-25)

26. Clean Water (XT-86-II-26)

Part III

t. EPA Symbol (XT-86-III-1)

2. Part,Ill (XT-86-III-2)

3. Definition (XT-86-111-3)

4. Reference to Part I (XT-86-III-4

5. Finding the Log in Five Steps (XT-86-III-5)

6. Getting the Anti-Log (XT-86-III-6)

e'
^-#

7. First Three Steps (XT-86-III-7)

8. Last 3 Steps (XT-86-III-8)

9. Combining Both Operations for Geometric Mean (XT-86-III-9)

10. Fin the Log Shown in Red (XT-86-III-10)

11: Steps One, Two and Three (XT-86-III-11)

12. Steps Four and Five ('XT -86- III -12)

13. Determining the Other Two Logs (XT-86-III-13)
,

14. Sum of the Three Logs (XT-86-III-14)

15. Quotient (XT-86-III-15)

16. Anti-log of 2.56036 (XT-86-11I=16)

17. Geometric Mean of the Three Numbers

18. Checks forGross Errors (XT -86- III -1.8)

19: First Check (XT-86-111=19)'

'It 20.' Sea:qui Check (XT-86-III-20)

168
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or.

21. "Check" Results (XT-86-III-21)

22. End of Part III (XT-86-III-22) - .

23. Credit SliACIXT-86-III-23)

24. Clean Water (XT-86-III-24)

24-6



HANDOU'l NO. 1

OUTLINE Ole STAT1STIcS

STATISTICS FOR CHEMISTS

I INTRODUCTION

A Statistics may be defined, for our purpose,
as a collection omethods which have been
developed for handling numerical data
pertaining to samples or portions of entire
populations.

II The statistical methods with which we will
concern ourselves deal with the presentation
and analysis of numerical data from samples.

. II FR HQ( EN CY

A Definitions

1 Frequency - indicated how many times
a particular score occurs in a collection
of data

2 Frequency table - a tabular arnnge-
ment of data, ranked in ascending or
descending order of magnitude,
together with the corresponding
frequencies

3 Frequency histogram - a set of
rectangles having bases On a Horizontal
axis with centers at the given scores
and heights equal to the corresponding
frequencies (See Figure 1)

C Frequency polygon - a line graph of
frequencies plotted against scorns
(can be obtained by connecting mid-
points of tops of rectangles in the
frequency histogram) (See Figurt 1)

' Figure 1

Prequene) Histogram & Frequency Polygon

98 99 100 .101'

Chloride pg/1

170

102

-\
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I

Statistics For Chemists

A

t

- B Application
2

Consider the application of the/ above
definitions to the following set of data,
obtained from twelve determinations for
chloride in water.

100

Results (14/1)

9910)

101 100 100
/ 99 -- 102 100

98 101 102

,

.

P

Table 1

FrequCncy Table

Chloride (4/1)
98

99

100

101

102

'

Frequency

14,

.1

'2

4

3

2
I

In MEASURES OF CENTRAL- TENDENCY

A- Definitions ./

I Central tendency - the tendency of
values to cluster about a particular
value in the distribution

2 Mode - that value which occurs most
to*. frequently

.
:i Median.- midpoint of an array of

scores. If there is atv odd number of
observations, n, the median is

Xn 4. i where Xn + 1 represents
2 2

n + 1the vitrue'in the frequency
2

distribution. If there is an even

#

i

number of observations the ntitho is-x + Xn ,
+ 1

,
2

idle two scares.
134 Mean - arithmetic average of all the

values in the sample distribution, de-
noted by X. The formula for calcula-'
ting the sample mean is
X-- Xi + X2 + Xa . . . Xn

n

The average of the

n
E Xi

=X
i=1

n

2. i
X = where there are nn

of values.

, ,.
B Aids in calculation of the mean

number

Application of the following two statements
can reduce errors and amount of time
spent in calculating the mean of a
distribution.

. t

1 Adding dr subtracting a constant to or
from each score in a distribution is
equivalent to adding or subtracting the
same constant to or. from the mean of
the distribution. Thus-the following
formula: 4

_Xc = ..R± C where_the Xi's are the

values in the distribution with mean X,
and the Xi ± C's are the values in the
distribution with mean Xc. .

2 Mtiltiplying or dividing each score in
a distribution by a constant is equivalent
to multiplying or dividing the mean of
the distribution by the same constant.
Thus the following formulas:

(1) ice = a
1

or

(2) Xc S a3I- where the Xi's are the
values in the distribution with mean X,

..

/

1 71
.
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Statistics for Chemists

and the CXi's or the X- Is are the
values in the distribution with mean

. C Application
-

Consider the application of the above
definitions to the previously mentioned
set of data, obtained from twelve deter-
minations for chloride in water, shown
in Table 1.

1

2

3

_

=

Mode = 100
X n + Xn

Median = 3 2 + 1 x6 + X7
2

100 + 100
100

+ 3 (101)

2

+ 2 (102)

2

Mean =?-i1n

98 + 2 (99) +4 (100)
12

100.25

4 Aid in Calculdtion

Consultirig Table 1 and observing that
the values are in the neighborhood of
lb° we might subtract 100 from each
score and obtain the fallowing distribution:

Denote the mean of the distribution in
Table 1 by X . If we add 100 to each

iscore n the distribution in Table 2, we
obtain the scores in the distribution in
Tab1 y4; likewise if we add 100 to the
mear4. X, of the distribution in Table 2,.
we obtain the mean, Xc, of the distri-
bution in Table 1.

Thus 51c=I+ioo

100
c n

X = 1(-2) + 2(-1) + 4(0) + 3(1) + 2(2)
+ 10012

'RC = .25 + 100 g 100.25

IV MEASURES OF DISPERSION

Table 2

Frequency Table

Chloride (µgA) Frequency
-2 1

-1 2

0 4

3

2 2

A Definitions

1 Dispersion - spread or variability of
observations in a

2 Range - the difference between the
highest value and the lowest value

= maxr min

3 Averi_ge deviation - the sum of the
deviations of the values from their
mean, witoUt regard to sign, divided
by the tote number of data values (n)

The formula for calculating the average
deviation is:

xl
-.____

(7, n

1V2

4'

.4

24,-9
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Statistics for Chemists

,

:I Average deviation of the mean (D) -
the average deviation of individual
data ititma from the mean (d) divided
by the square root. of the number of
data items (n)

The definition of the average deviation
of the mean can be expressed by the
formula:

d

/3 riT

5 -Variance - the sum of the squares of
the deviations of the values from their
mean divided by the total number of
data values (n) minus 1

The defira.n of the variance can be
expressed by the following formula:

l; X. - 3C)2(' 1. s2

n -

t

6 Standard deviation - the square root
of the variance

.,

The clefinitioh of the standard deviation
. can be expressed by the following
formula:

-902
1.(Xi - X)

s =/
n 1

llouever, the formula commonly used
because of its adaptability to the hand
calculator is the following:

a = n - 1

it.

,,,2 (L.Xi)2
41. n where there are

n number of values.

k

7 Standard deviation of the mean (S) - the
standard deviation of individual data
items (s) divided by the square root of
the nun of dataitems (n)

. C
24:10

.

: `

The definition of the standard
deviation of the mean can be
expressed by the formula:,

'S = 5' .
.ric

.

8 Relative standard deviation - the
,standard deviation (s) expressed as
a fraction of the mean, s

The relative standard deviation is
often expressed as a percent. It is
then referred toss the coefficient
of variation (V):

V = X 100 = %
R

.
-

The relative standard devfatidn is
' particularly helpful when comparing

the precision of a nurnber of deter-
minations on a given substance at
different levels of concentration.

B Aids in Calculation

Application of the fallowing statements
can reduce errors and amount of time
spent in calculating the variance or
standard deviation of a distribtition.

-t

*

. .

1 Adding or subtracting a constant to or
from each score in a distribution,
do-Cliff-ft t-affect the variance or stan--da-r.d--
deviation of the distribution. 1

Thus the following formulas:

(1) s = s2

c
2

,

(2)

171

S 211 Elc

1

where the Xi's are the values irA .
the distributlon with variance s'
and standard deviation s, and the
Xi 4. C's are the values in the
dfstribution with variance s 2
and atandaredeviation sc. c

i
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Statistics for Chemists

1

r

2 Multiply
a distri

- to multiplying
of that distribution
same:constant.

g or .dividing each score in
tion bra constant is equivalent

or dividing the variance
by the square of the

following formulas:

=
2 2Cs

C2C2

P

2

n-
1

2

4

3

22

'. 1

Ayerage deviation - d I-
I

. I

Xi 'Xi- RI I n i i- RI4.

98 .- 2.25

99 1.25 ,,,

100 /25 2' I

-, 101 '.----r/5---------L

2. 1.75 1.

-3. 25

2.50

1.00

:2:25,
3. 50

,
Thus the

(1). sc2

(2) s- 2
c

'' 11.50
where the Xi's are the values in
the distribution with varianct s2, _}.-,pci- RI

,.

11.50
,and the CX i's or the Is are n . ', 12.P

1

the values in the distribution with
variance sc2-

3 Multiplying or dividing each score in a
distribution by a constant is equivalent
to multiplying or dividing the standard
deviation of that distribution by the
same constant.

Thus the following formulas; "'"

(1) sc = Cs
or
(2) s

c
=

where the Xi's are the value? in
- the distribution with sandard

ire .deviation s, and the CM or the

Xi 's are the values in the

distribiktion with standard
devjation sc.

C Application

Consider the application of the above
definitions to the previously mentioned
set of data, obtained from twelve
determinations for chloride in water,
shown in II B, Table 1.

1 Range = 102 -98 = 4

-,
3 - Average deviation of the mean -

d
D =

-FT

g calculations front number 2,

a. d = O 96 = 0.28ra 3.46

4 Variance s = 2;(X- 5)2
n -1

Xi Xi-51 (Xi- 5i)2 n(Xi- X)2
1 98 - 2.25 5.06

174

5.06
2 99 -1. $5 1. 56 3. 12

4 100 - .25 .06 .24
3 101 + .75 .56 1.68
2 102 +1.75; 3.06 6. 12

16. 22

2 E(XJ- 5-0 2 16 22s 1,4?n - 1 11-

24-11
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Statistics for Chemists

5

n

1

2

-I

:3

2

s =

Standard

)1j.

. 98

99

100

101

102

.

deviation

nii

8.2

s

7

,Ci.
-

2"

--(X1')
s

2Xi
9604

9801

10000

10201

10404

.

n 1

nX2t

98 '

198

400

303

204

9604

19602

40000

30603

26808

1203 120617

3.

120617 1203.
='"'/120617 - 1'2,0601

-
12

11 -101

s= = 1.21
xo

" 8 Relative standard deviation expressed
J a's a percent (coefficient of variation)q, Aid in calculation

0

17. .12 16.25
11 11

* 1.48

E i
2 - (EXi )2

= 1.22 .4C

Standard deviation of the mean -
s

r7i-

Using calculations from number 6,

s.e's 1.22 L22 = 0.35
. ..rr2 3.46

Recalling thitt adding or subtracting a d V * X 100
constant to each score in the distri-
button doesn't affect the variance or
the standard el4vIation of.the distribu-
tion we can simplify the computations
by first subtracting 100 from, each

Using calculations from number 6 for
s = 1.22 and from number 2 for

*ore in the distribution) thug obtain- X = 100.25,
ing the frequency distribution shown'
in Table 2.

Xi-C o(XrC), Oti-C)2 n(Xi-C)2

1 -2. -2 ._. 4 4

2 ... o -2 1. 2

4 0- 0
os

:3 1 3 .1
2 2 4 . 4 8

3 r. 17

1-X
n2s

2 .".
(

2
EX 0

24 -12

n- 1

. V =
1.22 X 100 a 1.21%100.25

Figure. 2
Normal Distribution Curve

175

Quantity Measured _
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INTRODUCTION TO NORMAL
DISTRIBUTION CURVE

A Statistics deals with theoretical curves
whiCh are smoother than frequency
polygons, obtained from experiments in
real life. However, frequency' distribu-
tions or frequency polygons of experimental
data often' approximate a mathematical,
function called the "normal" distribution
curve. (Sese Figure 2)

StatistiOi for Chemists

As shown in Figurei, the frequenCy polygon
for the 12 determinations for chloride in
water is a fairly good approximation,of the
normal curve. If, however,. in the chloride
determidations we had obtained-103 instead
of 98 and 104 instead of 99 this distribution
would not have been a good approximation of
the normal curve, as is shown in Figure 4.

Figure 3,

Comparison of Normal Curve and Frequency Polygon

tr

iL

97 . 98 99 100 101

Chloride µg/1

. Figure 4

102

P

--Comparison of Normal Curve and Frequency-Polygon

99 100 . 101 102

_,
., Chloride tig11-.* . ... ., 117 et

A

. 17t; 24-13

. e.. .
ik6 ft

t ' 4.

103 104

0:1

a
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Statistics for Chemilas

B If frequency distril41intion is a good
a roximation of th0 normal curve, we
can use-some facts about.the normal
curve to give us information 'about the
frequency distribution.

I ?

°

ct

Figure 5'shows the normal distribution
.

in terms of the population mean p,, and
the' standard deviation of the population
a , and gives the percent of area under
the curve between certain points.

Figure 5 '-

Normal Distribution Curve

';Figure 6 '

Frequency Distrib isp, p olygon
. ,

0
I , 1116

atli, er

re N1/4
. II"

I

`V%
f I- %

i. *, IIiIII' 75% ' ill
v . ' I II I

I ;. 1 . I %10% .."1.,,Mi %
I I

-2s -Is
98 99

. .

X +I s +2s
100 101 102

° Chloride ug/l,
,
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We may check the-distribution of sample
data to see if it is a "normal" distribution
in the following manner. Substitute the
value of the sample mean (R) for the value
.of,tbe midline and substitute, the value of
the"sample standard deviation (s) for the

1%, limits of the value spans where we might
expect certain percentages of the'data
items to occur. Then we can check the
number of data items which actually do
occu7\ within these value spans.

Figure 6 demonstrates this application
using the chloride data values from Table
j'he-data values are marked on the hori-
zontal line and the frequency of the
occurrence of each value is marked on the
verticp.l. The midline of the distribution
is marked at the value of the sample mean

= 10 See M C 3). The value of the
sample ndart deviation (s = 1.21, See
IV C 5) i used to mark value areas under
the cure where, different percentages of
data valu s will probably occur. Thus,
for the ar a X .-t ls, X - Is = 98.79 and
X + 1 s = 01.21. Therefore,, according
to the no al distribution cur shown in
Figure 5, e might expect about 68% of the
data.items have values between 99 and
101. (The lues are rounded to whole

inumbers sin e the data values are thus
recorded).

1.

Consulting.T le 1, we find that 75% or°9
doithe 12 data tems have values in this
range. This p rcentage is shown in
Figure 6 by th frequency polygon for the

- data shown ear er in Figure 3,

Likewise assuming a normal distributioh,
we would expect 5% of the observa
to lie within tia is from the populatiO
mean. In fact, 1 0% of the observations

. were within + 2 s' from the sample mean.

In both cases the o served percentages are
reasonably close to the expected percentages.
Other tests, exist fo 'deterrhining whether
or not a frequency distribution might
reasonably be assumed to approximate
the normal distribut no

.

It would be good to become as familiar as
possible With the normal distribution since
an underlying normal distribution is
assumed for many statistical tests of
hypothesis.
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-SUBJECT MATTER: Advance Preparations for Day Four Laboratory

WHEN ACCOMPLISHED:"Approximately'l hour prior to Day Four Laboratory

ACCOMPLISHED BY: Staff

TIME REQUIRED: Hour

rr

PREPARATION REQUIRED

4

Remove any remaining MPN tests
(96 hour) from the incubators

'and place at.proper positions.

Remove any remaining verification
tests from incubator and place at
proper positions

Collect sample for MF testing

. ',Have laboratory operational
1 for la

9.

REMARKS

.179

W.BA.mpn.lab.ipw.4.1.79

41

Approximately 4 liters
with sterile distilled w
individual sample bottles.
which has-a.known coliform
count and dilute to give'a
which is furnished to class
the cm. knew source sampl
been seledid.which requires

11 mixed, diluted
ter, and placed in

Select sample
and fecal coliform'

ew count/100 ml
or calculating
could also have
preparation.

31. MF test equipmentand"stippl es at each
laboratory position

2. Incubators operational

\

180
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GUIDELINES FOR
INSTRUCTIONAL PACKAGE WORKSHEET

I. 'SUBJECT ER: Laboratory Briefing for Day Four

II. UNIT OF INS UCTION: Summary of Topic Presentation

III. 'ESTIMATED TIME: 45 minutes

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: To ensure understanding

mp ished during Day Four-Laboratory. *

of laboratory work and to give a briefing for the work to be
acco

21, V.V. ENTRY LEVEL BEHAVIOR:

A. Having performed the previous laboratory procedures
.

o-

VI. INSTRUCTIONAL OBJECTIVE: Rt

A: Terminal Behavior: The participant will be acquainted with the various
areas of'instructional material covered in the training course-manual
and better be able to utilize them in an open book laboratory situation
which immediately folTows the briefing,session.

B. Conditions: Instructional material'as covered in various parts of
course training manual and as directed'by verbal instructions.

manual in conjunction with notes taken during briefing sessions.

C. Accepted Performance: Utilization-of assigned pages of course training

VII.' INSTRUCTIONAL RESOURCES:

A. Available Media:

.Trajning Marival Outlines:

.

25-2

Outline Section ' Purpose °.

MPN Methods - 96 hour examination Provides correct procedural,.
'sequence

Verified MF Tests Verification of Continuation of Verification
fecal coliforms procegurn

4

. Detailed Membrane Tests for fecal PrOides procedural informatio
Filter-Methods colifbrms

Colony Counting on
Membrane Filters
00

'.1. Suggested Media:

1. None

,Complete

1 Si .

Provides particulars on MF
colony counting



a

.4.4..

VIII. INSTRUCTIONAL APPROACH:

A. Preparation for Instruction:

1: Review agenda for time sequencing and written material for content
and prepare-briefing

2. Prepare handout (or use blackboard, if desired) indicating to
*trainee the written material to review.' An example of such a
handout would be as fqllows:

Item , Outline and Pages

MPN Methods Examination of Water
4 (96 hour procedures) for Conforms and

Fecal Streptococcus
Groups:.

MF Methods

B. Sequencing:

3-15; 3-18; 3-19; 2
3-21; 3-24

Detailed Membrane
Filter Methods:,

11-10; 11-11

.Standard Methods (14th Edition)

916-917; 920-921;
922;'.943

937-934

MF Methods (Preparation of MFC broth and the incubatia of com-)
fleted plates)

2. MPN Methods (96.hourtestkocedures - continue demonstration
1 with the MPN test rack)

3. MF Sample Volumes (Review the calculation of the CDV [Central
Dilution Mum] when the count/100 ml isiknown)

IX. IPW EQUIPMENT AND SUPPLY REQUIREMENTS:

A. ClassrooM,Equipment and Supplies:

. 1. .Blackbqard and chalk.

2: Demonstration setup

.' IPW REAGENT REQUIREMENTS:

A. None required.

XI. DEkRIPTIO OF VISUAL MATERIALS:

A. None required. r

, 182

lea
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41PN TEST PROCEDURE

1. Complete tIPN test procedure if any
remains , '

9,

I

Day Four Laboratory

MF TEST PROCEDURE 4:

1. Continue Verification' Test procedure.
If any remaining EC tubes are to be
read and ,recorded thisiwould conclude

the Fecal Coliform Verification Test

2. Read and Record the coliform test
, results of using the enrichment test

procedure (LES Agar).

3. Prepare 5 m-ENDO broth plates from the,
broth which was prepared on Monday and
saved in the refrigerator, Discard the
remaining broth.

Prepare 30m1 of.MFC broth 4nd from this
prepare 6 plates.

5.' Given information regarding the TC and FC
counts /100m,1 of a 'sample, calculate the

sample volumes to run: Use the following.
dilution volumes for the riipective plates;.

TOTAL COLIFORtir

10CDV 5CDV CDT .1 /5CDV viocov

FECAL COLIFORMS

16CDV 8CDV CDV 1/8CDV 1/16CDV

tis

Run the sample and plate on the prepared plates.
Incubate at theproper temperatures.

1 :

183

Rosolic acid

class use. P

under-water i

25-4

re,prepared by staff fof .

stic bags'ayailable for
rston

CDV refers to Central
which isthe calculate

e ilution -Volume
volume

i



GUIDELINES FOR
INSTRUCTIONAL PACKAGE WORKSHEET

I. 'SUBJECT MATTER: Post-Course Quiz

II. UNIT OF.INSTRUCTION: Summary Of Topic Presentation

'III. ESTIMATED TIME: 75 minutes 00 minutes Quiz 15 minutes,review)
,

.

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: May be a requiremen't
few course completion.

.

V-.- -ENTRY LEVEL BEHAVIOR:

. A. Attended 95% of course.

VI. INSTRUCTIONAL OBJECTIVE:

-A.: Terminat Behavior.: Receive a critique of the test after collection
of same to be aware of correct responses.'

B. Conditi,ions: He/she will be g i ve n the test and 60 minutes.

.

C. Accpeted Performance: Obtain at feast a iorteit score.

'VII. INSTRUCTIONAL RESOURCES:'

A. vailable Media: .

&IV

1

a
4'

,
1.. None required.

B..1 Suggested Media:'
,

1

.

. .

1. -None'

VIII: INSTRUCTIONAL APPROACH:

1 A. Preparation for Instruction:

ss

. 1. Duplicate quiz for number of participants.

2. Prepare overheads of the quiz with answers.

B. Se uenci

1. Distr'bute quiz to participants.

.2. Allo 160 minutes for completipn.A
3. ,Collect quiz - check for name entry as they are collected.

4. Critique quiz by thP6cOnvended procedure of use of overhead
projection.

IA

AT(120.4).8.1.79

185'
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IX. IPW EQUIPMENT AND SUPPLY REQUIREMENTS:

A. For each participant:

I. Quiz.

B. For instructor:

4 1. .0verheid projection of quiz.

X. IPW REAGENT REQUIREMENTS:

A. None

XI.' DESCRIPTION OF VISUAL MATERIALS:

4.1

-U

A. See attached example Bacteriological.Course Quii.

.

O

a.

'I

7

,

d

I

t_
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Name

BACTERIOLOGICAL METHODS IN WATER QUALITY
CONTROL PROGRAMS (120.4)

(Date)

(Place).

THE FOLLOWING ARE TRUE.(T) OR FALSE (Or

I-"'1. 'Cc:inform:bacteria ferment lactose with the'production of gas

2. Fecal coliforni bacteria---are effectively separated from the

total coliforms by the use of the chemical TTC 1 :

"
'3. ,

,

test (44.5 CThe,eleyated temperature is useful primarilyi ') i

4 separate the conforms from the fecal streptococci
. ,

'4. EC medium is primarily used'for pathogenit testing

I5. Fecal cOliforms will also` show a golden metallic sheen.
characteristic on the m-ENDO, medium .... d

6. -Membr4ne-filters are so effective-as. filters that-they have
always.proven to be an acceptable bacteriological method 4

0

7. Membrane filters have proven to be so tough and durabledat
unlimited sterilization prktices can be used .

11 8. The addition of sodium azide to m-ENDO medium has allowed this
'medium to effectively differentiate cOffotimS. from backgrodnd
.growth

I9. MPN tubed.
in the dar

dia can be stored indefinitely.i.f it is placed
under refrigerated conditions
, 0

I* FeCal coliform colonies on MFC thediudshow a-golden
metallic-like sheen chareCteristic

. 11. The countable plate r.ange for Vie KF agar plate-is
from 20 to 80 colonies

0

V t

187

6

X

I
°,0

,

.41$
; 4.

4 26,37,
-110'

- ,



Select the best answer from the-multiple choices listed: CIRCLE -THE ANSWER

12. The countable-plate range for the FECAL COLIFORMS

a.

b.

c.

d.

20-0

not more than 200 of all types`

0

on the MFC plate is:

ID

13. The primary reason for adding alc6ol (ethanol) in m-ENDO is:

a. to -keep the coliforms within the Countable plate range.:
v

b. allow all-Colohies to develop good sheen characteristics

c. prohibit pathogens and fecal streptococci from developing

d. keep down background growth on the MF

6

14. Which of the folloWing descriptions is true of the Fecal Coliform medium by

the MF method? 4,2

a. Ilse is made of ethanol in preparation; the temperature is elevated;
r90-hues are typical. ts

b. rosdlic_acid is utilized; TTC is needed in' preparation; body temperature
is required:

c. ' incubation under:water isrequired; a temperature of 44.5 C is manditonwp

countable, colonies have blue/colorations,

0 'soditim sulfite is in the' formula; lactose is necessary
a35,t temperature of incubation is necessary.

.

15.' With regard-to the CONFIRMED TEST by the MPN procedure:

/

a. EMB dr-BGLB max.be used; a temperature of 35 C is.necessary; loop or,

inoculation stick -transfer may be used;' confirmatory tubed mediumis.:

held for 48 hours, if necessary.
? %

%
. m-ENDO medium is necessary; gram staining is requi't'ed; eleiated,temperatiires

are necessary; sheen colonies are counted. .

.

in the formulation;.

"

,transferred to till's test; EC mediumc. all. tubes of the presumptivetesta
is the Medium of choieqr IMViC t &

1 , . . .

formers are cOunted.

?
d. KF Medium ig'necessary; 35 C is the

244hours is the -incubation time.

26-4,

ihg may be repuired;Alj pOsitive bas
4

temperature; broth or agar miy,be used;

5
.

-
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From the given WORD LIST,.select the choice which matches the statement on the left.
Notd the correct response is given for the first statement.

16. Gram Staining-Reagent

.A general term denoting
-disease organisms-

The medium most generally
used for the confirmed test
by the MPN'

18.

19. A Coliform

20. A fecal coliform MPN medium....

r21. The staining reaction for
- a coliform bacteria

22. The'MF medium for Fecal
coliforms
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WORD LIST

4

A. Crystal Violet dye
B. Gram Postive organism
C. Gram Negative organism
D. BGLB medium
E.. EC medium
F. Escherichia coli
G. Pathogen
H. Cryogen
I. Saphrophyte'
J. Salmonella
K. MFC medium
L. LES m-ENDO MediuM
M. KF Agar medium
N. Rosolic Acid dye
0.° Cryptococcus
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a

°Name

e,

BACTERIOLOGIC'L'METHODS IN WATER QUALITY
e CONTROL PROGRAMS' (120.4) '

(Date)'
. (Place)

.
: .

INDICATE IF THE iOLLOWING ARE TRUE (T) OR FAL5E..(F): .,.:'

:,1. Col iform bacteria ferment lactose with the production .of gas T
.,

2. Fecal coliforit bacteria are effectively separated from the
.

total coliforms by the use of the chemical TTC F

3. The elevated temperature test (44:5.C) is useful primarily.
-°to separate the coliforms from the fecal streptocpcci. F

' 4. EC medium is primarily used for pathogenic testing
. 4,

5. Fecal coliforms will also show a golden metallic sheen
characteristic on the m -ENDO medium , T

6. Membrane filters are so effective as filters that they have .
%always proven to be an acceptable bacteriological method a

. 7
'F)`r

f 6

7c Membrane - filters have oproven' to be s4 tough and durable that

Funlimited sterilizatibn practices can be used. .,
. .

8. Theaddition of sodium azide 0 m-ENDO-Aedtum Wei allowed this It'
, . medi um-to effectively di fferenti ate 1 i f*ms from backgrovnek bt

rS.

0. growth . , A. 'ft. p .10

° e.,,

9., MPN tubed mectia can be stored indefinitely if it is paced
.in The dark ,under.. refrigerateCconditions.. b -. a. a

, t , . .4 4 -

1.15 04 ; E eCai coliform.cplonlelon AFC,mediuM7ihoW a golden
.

'

4.

me t a l l ic-1 i ke_ sheen characteri st i c . l-,'v .

'11.

--

Ihe:41uSliatilgb Ate range' for the:Otagar. Nate Ait
Tv- -fly 20.._toll6.;6101iies .

, lir , 4
4t

....

a
A
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Seiect the best,a swer from the multiple choices listed: CIRCLE THE AAAWER

12.' The countable plate range for the FECAL COLIFORMS on the MFC plate is:

a. 20-80 A

b. not .more than 200 of all types

e) 2060

d: 20-100

13. The primary reason for adding alcohol (ethanol) .in m-ENDO is:-

a. to keep the coliforms within the countable plate range

b.. allow all colonies to develop good sheen characteristics

c. prohibit pathogeu and fecal streptococci from developing

(d) keep down background growth on the ME

14. Which of the following descriptions is true of the Fecal Coliform `med.ium, by
the MF method?

use is made of ethanol in preparation; the temperature is elevated;
red-hubsfare typical.

4

b. 4osolic acid is utilized; TTC is needed in preparation; body temperature
is recjuired. 10

incubation under later is required; a temperature of 44.5 C is manditory;g,
countable colonies Tiave blue colorations.

d, sodium sulfite is in the formula; lactose is necessary in the formulation;
a 35 C temperature of jncubatian is necessary.

ft

15. With regard to the%CONFIRMED ,U,ST by-the MPN procedure:
.

411 4
a. EMB or BGLB may be usej; Ca temperatime of 35 C is necessary; loop or

inoculation-sticktransfer may be used; confirmatory tubed medium is
held for 48 hours,)if necessary:

bee m-EN60,medium is necessary; gramlstaining is required; elevatatemperatures
are necessary; sheen colonies are counted.

.

c. all tubes of the preskimptiveiest are transferred to this test; EC me0iuM
i is the medium of &dim IMViClesting may be required; only positive gas

,
formers are counted.

,
4

.

\
11 medium is necessary; 35C is the temperature; broth or agarmay be used;
14 hours is the incubation:time.

4 Iv ; ,

191
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From:the given WORD LIST, selects the choice which matches the statement on the left.
Note the correct response is given for the first statement.

O

WORD LIST

16. Gram.Staining Reagent A A. Crystal Violet dye.
B. Gram Postive organism

17. A general term denoting C. Gram Negative organism
. disease organisms D. BGLB,medium

E. EC medium .

18. The medium most generally A F. Escherichia coli
usecifor the confirmed test G. Pathogen

' by the MPN H. Cryogen
I. Saphrophyte

19. A Coliform bacteria J. Salmonella 4
K. MFC medium

20. A fecal colPOorm MPN medium: L. 1LES m-ENDO Medium
M. KF Agar medium

21. The staining reaction for N. Rosolic Acid dye
a toliform bacteria 0. Cryptococcus

22. The MF medium for Fecal
conforms

26-8
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*: SUBJECT MATTER:' *Advance Preparations for Dqy Five Laboratory

WHEN ACCOMPLISHED: 1/2 hour'prOr-to Day Five Laboratory

ACCOMPLISHED BY: Staff

,TIME REQUIRED: 1/2 hour

PREPARATION REQUIRED
REMARKS

Remove KF Agar plates from incubator
nd place at Reel position

RemovelMFC plates from incubator and
place at each position

Remove m-ENDO plates from incubator
an4 place-at each Vosition

Have laboratory operational for
laboratory studies

,

0

493

W.BA.mem.lab.10.1.1.79

a

48 hour incubation

MF colony countir)g'equipment

tVe
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GUIDELINES FOR
INSTRUCTIONAL PACKAGE WORKSHE T

I.,,SUBJECTMATTER: 'Laboratory Briefing for Day Five

II-. UNIT OF INSTRUCTION: Summary of Topic Presentation

III. ESTIMATED TIME: 10 minutes

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: To give a briefing for
the work to be accomplished during Day Five Laboratory.

V. ENTRY LEVEL BEHAVIOR:

.A. Having performed the previous laboratory. assignments

VI.' INSTRUCTIONAL OBJECTIVE:

A. Terminal Behavior: The participant will be acquaibted with the various
areas of instructional material covered in the training course manual
aDd better be able to utilize them in an open book laboratory situation
wfiich immediately follows the briefing session.

B. Conditions: Instructional material as,covered in various parts of
coursef training manual and as directed by verbal instructions.

, dc-T
C. Accepted.Performance: Utilizatia of assigned pages of course training

manual in conjunction with notes taken during briefing 'sessions.

VII. INSTRUCTIONAL RESOURCES:

A. vailable Media:

1. Training Manual Outline:

Outline Section Purpose

Colony Counting on 'Complete Provides particulars
Membrane Filters on MF Colony counting

B. Suggestbd Media:

1. None

0 0

VIII. INSTRUCTIONAL APPROACH:
.

A. Preparation for Instructi :

1. No particular4(preparati nrequired.

B. Sequencing:

1. Colony Counting - 'm -ENDO (total cOliform)

2. Colony Counting - MFC (fecal.coliform)

3. Colony Counting - KF (fecal streptococci)

1,c1r../J

. (

v
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IX. IN EQUIPMENT AND SUPPLY REQUIREMENTS:

A. Classroom Equipment and Supplies:

1. Blackboard and chalk

2. Demonstration setup, if desired,

X. IPW REAGENT REqUiTMENTS:

A. None required.

XI. DESCRIPTION OF VISUAL MATERIALS:

A. None required.

Sr-.

4

of.MFC and KF Agar plates.

4

0

196
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MF TEST PROCEDURE

. 1. Read and Record m-AENDO
plates (total.coliform)

2. Read and Record MFC
plat- (fecal 'conform)

3. d Record KF Agar
es (fecal streptococci)

. 4

u &wrong wane awe 1M1 .737.009/s001

Day Five Laboratory

. \
r

,
OP
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